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Mark your answers here. Carbon content of steel A. is __% B. is __% C. is __% Correct spark readings are given at lower left 


Can You Read These Sparks? 


They Describe the Analyses of Three Steels 


Steel bars of three different analyses gave off the 
sparks pictured above when touched by a revolv- 
ing abrasive wheel. At Ryerson, we “‘read’”’ these 
sparks to protect your production. 

To the trained eyes of our experts, the spark 
pattern of a steel is as distinctive as a fingerprint. 
For example, the sparks shown here indicate 
straight carbon steels, with carbon content in the 
low, middle and high ranges. If chrome, nickel, 
molybdenum or other alloying elements were pre- 
sent, they would also be revealed in the spark 
pattern. 

That’s why spark testers patrol the bar sections 
of your nearby Ryerson plant. By checking all al- 
loy and special quality carbon bar stock, they 
guard against mixed shipments. Help to assure the 
certified quality of Ryerson steels. 


ARE THE ANSWERS: 
%S¢°—4 % Ol’ —V 


HERE 
%56'—D 


Spark testing is only one of many extra steps we 
take to make Ryerson a steel source you can call 
with confidence. Another—the special Ryerson 
Report sent with each alloy shipment. It charts 
the results of hardenability tests, shows how to 
heat treat for desired mechanical properties and 
includes other helpful data. 

So play safe. Avoid the possibility of mixed steels 
by ordering from your nearest Ryerson plant. 

Joseph T. Ryerson & Son, Inc. Plants: New 
York, Boston, Philadelphia, Detroit, Cincinnati, 
Cleveland, Pittsburgh, Buffalo, Chicago, Milwau- 
kee, St. Louis, Los Angeles, San Francisco. 





PRINCIPAL PRODUCTS 


BARS—<carbon & ailoy, hot SHEETS —hot & cold rolled, 
rolled & cold fin., reinforcing many types & coatings 

STRUCTURALS—I beams, H TUBING —Seamiess & welded 
beams, channels, angles, mechanical & boiler tubes 
etc. STAINLESS— Allegheny metal 

PLATES —Sheared & U. M. sheets, plates, tubes, etc. 
Inland 4 Way Fioor Plate MACHINERY & TOOLS 
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Metal Congress in Philadelphia. 











alloyed ferrous materials). 






|" IS FITTING that the attention of all members 
and friends of the American Society for Metals 
be called, thus prominently, to the arrangements 
being made for the 30th National Metal Congress 
and Exposition (the annual meeting of your 
Society) to be held in Philadelphia the week of 
Oct. 25. It is fitting for several reasons. 

In the first place, the membership of the 
Society, recalling a steady progression of success- 
ful @ Conventions and Expositions, has come to 
expect a noteworthy event, as a matter of course; 
yet this fall the national officers have completed 
preliminary plans for a meeting of special interest, 
with the theme “A Salute to Alloy Steel”. Such a 
gathering deserves advance publicity. 

In the second place, the success of such a 
Congress and Exposition depends as much — even 
more-—-on the membership of the @ as on the 
management. The management rightly looks for 
4 notable attendance at the National Metal Con- 
sress and Exposition; experience proves that 80% 
of the membership in the trade area surrounding 
the convention city will attend, and thousands of 
members will come from a distance. 























A Salute to Alloy Steel 


Alloy steel will be the central theme of the 1948 
In previewing 
the 30th National Convention, @ President Foley 
invites you to assist in developing the program for 
“4 Salute to Alloy Steel” by suggesting to the 
committee the names of individuals most deserving 
to receive the special Distinguished Service Awards 
for notable contributions to progress in alloy steel 


(excluding toolsteel, stainless steel, and other highly 


August, 1948; Page 171 


However, in one important detail, 
the Salute to Alloy Steel will be helped 
greatly by cooperation in advance of the 
members of the American Society for 
Metals, no matter where they live. I 
refer to the first of the four special fea- 
tures now being arranged: 

1. The selection of candidates from 
among those in the United States and 
Canada who have made notable contri- 
butions to the progress and development 
of alloy steels (not including toolsteel, 
stainless steel, and other highly alloyed 
ferrous materials), and the preparation 
of appropriate citations and Distin- 
guished Service Awards. 

2. A visualization — by appropriate 
exhibits on the main stage of the Expo- 
sition Building — of the part played by 
alloy steel in the history and develop- 
ment of our country, the progress of alloy steel 
through engineering, research and technology, and 
the dependence of the American economy on 
engineering alloy steel. 

3. A program of meritorious technical and 
historical papers about alloy steel. 

4. A symposium of invited papers on the 
subject “Cold Working of Steel”. 

These special features, plus the multiple activ- 
ities always associated with the Metal Exposition, 
assure a week of truly absorbing interest for those 
attending the 1948 Convention. 

Honorary Committee — Giving testimony to 
the transcendent importance of alloy steel in the 
industrial life of the nation, eleven distinguished 
representatives of American industry have joined 
with your @ President and Vice-President to form 
an Honorary Committee for the Salute to Alloy 
Steel. The Committee is listed on the next page. 
These men from the alloy steel industry and the 
largest manufacturing industries give added 
importance to the 30th National Convention by 
their willingness to participate in this tribute to 
progress in alloy steel. 
























Distinguished Service Awards 


Another excellent committee has accepted 
appointment to determine the qualifications of 
candidates for the Distinguished Service Awards. 


Honorary Committee 
For the Salute to Alloy Steel 





Chairman: Francis B. Foley, President, Ameri- 
can Society for Metals 

William R. Boyd, Jr., President, American 
Petroleum Institute 

A. G. Bryant, President, National Machine Tool 
Builders’ Assoc. 

Oliver P. Echols, President, Aircraft Industries 
Assoc. of America 

B. F. Fairless, President, U. S. Steel Corp. 

William T. Faricy, President, Assoc. of Ameri- 
can Railroads 

A. B. Homer, President, Bethlehem Steel Co. 

William C. Johnson, President, National Elec- 
trical Manufacturers Assoc. 

George W. Mason, President, Automobile Manu- 
facturers Assoc. 

J. H. Oppenheim, President, Farm Equipment 
Institute 

Walter S. Tower, President, American Iron and 
Steel Institute 

C. M. White, President, Republic Steel Corp. 

Harold K. Work, Vice-President, American 
Society for Metals 











On the next page are listed the committee mem- 
bers who will judge the qualifications of candi- 
dates whose names are suggested to them. 

Here is where the entire membership of the 
American Society for Metals can help. Let each 
one of you recall your experiences with alloy steels 
in the past; compare the early ignorance with 
present-day knowledge; put down in a letter the 
names of the people now living who in your 
opinion really did an outstanding job in making 
this transformation possible; add what supporting 
remarks or evidence you think appropriate; and 
mail the letter to J. M. Schlendorf, Chairman, 
Distinguished Service Awards Committee, % 
Republic Steel Corp., Cleveland 1, Ohio. 

The Awards Committee will consider nomina- 
tions of outstanding men in all branches of this 
great field. But remember that the term “alloy 
steel” is used in the sense of engineering alloy 
steel or constructional alloy steel, and is not 
intended to include toolsteel, stainless steel, mag- 
net alloys, or other highly alloyed ferrous materials 
that are used for narrowly specialized purposes. 
The following outline may stimulate your think- 
ing and make it concrete rather than general: 


I, 


II. 


ITI. 


Men who discovered, perfected and promoted 
the metallurgical processes 
1. Ferro-alloys and other raw materials 
used in the melting of alloy stee] 
2. Equipment and processes for making 
alloy steel 
Furnaces 
Auxiliaries 
Control equipment 
Refining processes and rea- 
gents 
e. Alloy steel ingot and casting 
practice 
3. Forging and other mill processes 
adapted especially to alloy steels 
4. Heat treating techniques for alloy 
steels 
Discoverers of advanced research techniques 
applicable especially to alloy steel 
Discoverers of improved techniques of 
inspection and testing 


. Discoverers and perfectors of the alloy steels 


themselves 
1. Compositions 
2. Control and refinement of 
structure 


micro- 


. Notable men in the organization and pro- 


motion of the alloy steel business 


Francis B. Foley, President @, and Chairman, 
Honorary Committee for the Salute to Alloy Steel 
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terials 
ee] 
aking 


steels 


icro- 


pro- 












VI. Men responsible for notable applications in 
consuming industries 
1. Transportation industries 
a. Automotive 









b. Railroad 
c. Aircraft 
d. Marine 





2. Agricultural machinery 
3. Power industries 








a. Steam 

b. Electrical 
c. Gas 

d. Water 





4. Machine industries 
5. Chemical industry 
6. Petroleum industry 
a. Drilling 
b. Refining 
7. Civil engineering construction 
8. Ordnance 
One glance at such an outline should convince 
you that the Distinguished Service Awards Com- 
mittee will benefit from the help of all @ members 
in order that distinguished work in all branches 
of the field shall be recognized, without omitting 
credit where credit is due. Your nominations for 
recipients of these awards should be sent to 
Chairman Schlendorf. 

















J. M. Schlendorf, Vice-President, Republic Steel Corp., 
and Chairman, “Distinguished Service Awards” Committee 



























75 Years of Alloy Steel Progress 


The President of your Society feels a personal 
interest in the plans to visualize “75 Years of Alloy 
Steel Progress”, because the first alloy steel used 


“Distinguished Service Awards” Committee 





Chairman: J. M. Schlendorf, Vice-President, 
Republic Steel Corp. 

Vice-Chairman: Rufus E. Zimmerman, 
President, United States Steel Corp. 

Robert S. Archer, Vice-President, 
Molybdenum Co. 

John Chipman, Professor of Metallurgy, Massa- 
chusetts Institute of Technology 

H. J. French, Vice-President, International 
Nickel Co. 

F. P. Gilligan, Secretary-Treasurer, 
Souther Engineering Co. 

W. E. Jominy, Staff Engineer, Engineering Divi- 
sion, Chrysler Corp. 

T. W. Lippert, Directing Editor, The Iron Age 

I. C. Mackie, Director of Metallurgy & Research, 
Dominion Steel & Coal Corp., Ltd. 

Harry W. McQuaid, Consulting Metallurgist 

Fred P. Peters, Editor-in-Chief, Materials & 
Methods 

Walter E. Remmers, President, Electro Metal- 
lurgical Corp. 

E. S. Rowland, Research Metallurgical Engi- 
neer, Timken Roller Bearing Co. 

Ear! L. Shaner, Editor-in-Chief, Steel 

A. E. White, Director, Engineering Research 
Institute, University of Michigan 

Clyde E. Williams, Director, Battelle Memorial 

Institute 


Vice- 


Climax 


Henry 
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anywhere in the world for an engineering struc- 
ture was made in the plant of Wm. Butcher Steel 
Works (predecessor of The Midvale Co.), which 
occupied portions of our present site in Nicetown, 
Philadelphia. I refer to the chromium-carbon 
steel compression members placed in the main 
arches of the historic Eads bridge over the Mis- 
sissippi at St. Louis. 

It is fitting, therefore, that the coming Phila- 
delphia convention of the American Society for 
Metals should visualize the 75 years’ progress of 
an idea and an industry born here so long ago. 
A special committee, under the chairmanship of 
Robert A. Wheeler, is charged with the responsi- 
bility for collecting exhibits that will do this as 
clearly and dramatically as may be — not only the 
steelmaking processes but also the machines and 
other applications that mark the milestones of this 
journey. The personnel of the committee is an 
adequate guarantee that its task will be achieved. 














Committee to Visualize “75 Years of Alloy Steel Progress” Advance Registration 





= One feature of the Meta) 
Chairman Robert A. Wheeler, Manager of Publicity, Exposition that the 350 exhibitors 
Nickel Sales Dept., International Nickel li : . el 
Co. ike is the availability of detaileg 
Aircraft Industry J. B. Johnson, Chief of Materials Laboratory, 
Wright-Patterson Air Force Base the event, about the character of 
Automotive Industry A. L. Boegehold, Head, Metallurgical Dept., the attendance. This information 
Research Laboratories Division, General does not issue automatically from 
Motors Corp. a calculating machine at th 
Electrical Industry W. E. Ruder, Research Laboratory, Metal- national headquarters. It has t 
lurgical Division, General Electric Co. be secured from properly com. 
Farm Equipment Harry B. Knowlton, Supervisor of Materials pleted registration cards, ‘and i 
Engineering, international Harvester Co. the past many people have been 
Machine Tools Richard F. Harvey, Metallurgist, Brown & irked by annoying delays at th 
Sharpe Manufacturing Co. vesiatoution Sane con, dae tt : , ‘ 
Petroleum Industry Robert W. Schlumpf, Chief Metallurgist, ince nin : ae . — an 
Hughes Tool Co. any clerks may have been pres. 
Railroads Ray McBrian, Engineer, Research & Stand- 
ards, Denver & Rio Grande Western R.R. ; 
Steel Industry M. A. Grossmann, Director of Research, Such delays will be avoided, 
Carnegie-Illinois Steel Corp. the officers of your Society hope, 
H. Herty, Jr., Asst. to Vice-President, by the scheme of advance regis- 
Bethlehem Steel Co. tration. If you will turn to page 
C. Smith, Chief Metallurgist, Republic 273 of this issue of Metal Progress 
Steel Corp. , . 
: . ; you will find a form that you can 
Display Consultants . B. Hanna, Display Dept., General Electric esi . # 
fill in and mail, and you will have 


Co. 
. H. Harris, President, General Alloys Co. returned to you an entrance badge 


C. Miner, Advertising Manager, E. F. which will enable you to walk 
Houghton & Co. right through the gate! 6 
C. M. Parker, Secretary, Committee on Man- 
ufacturing Problems, American Iron & 


Steel Institute . a 
Robert A. Wheeler, Chairman, 
Committee to Visualize “75 


Years of Alloy Steel Progress” 


information, both during and afte, 





ent to care for anticipated peaks 
in the attendance. 











Technical Program 


For 30 years, the American Society for Metals 
has published technical papers about alloy steel. 
In fact, through the years, no other subject has 
been discussed so amply in the @ Transactions. 
At the 1948 Metal Congress, this record of Ameri- 
can progress in alloy steel will be carried forward 
again, with 19 of the convention papers reporting 
the latest developments in the science and tech- 
nology of alloy steel. In addition to the regular 
technical sessions, there will be a special report 
dealing with the history of alloy steel in America, 
and a symposium on the cold working of steel. 


Metallographic Exhibit 


Another matter deserving advance attention 
from members of the American Society for Metals 
is the metallographic exhibit to be held in Con- 
vention Hall. This will be the third such exhibit. 
The rules are few and simple. They are printed 
on page 240. 
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By Floyd E. Harris 


Furnace Engineer 
Buick Motor Division, G. M. Corp. 
Flint, Mich. 


for the Heat Treatment of Steel 


Atmospheres 





















the result itself. Thus, a mass of 
unrelated data may often be quite con- 
fusing and misleading. We must treat 


In this article, the first of two, the author (well the roles of atmospheres and steels as 


known to readers of Metal Progress for his con- 


parts of a consistent whole, if our expo- 
sition is to be effective. 


tributions during the past few years on the theory The broad problem divides natu- 


and practice of carburizing) presents a generalized 


rally in two parts or categories. The 
first involves a careful study of funda- 


but simplified statement of the commercial atmos- mental principles. These include the 


pheres used for modern heat treatment of steel, the 
elementary chemistry and physics applying to gas- “potentials”, the 


metal reactions and diffusion of carbon, and a 


chemical reactions that are possible, the 
rate at which they proceed, the chemical 

“catalytic effects” or 
surface reactions, together with steel 
properties such as the limits of solubility 


little of the historical background showing how of carbon and its rate of diffusion. The 


present practice has been achieved after traveling 


down a long road of development. 


peace CHEMIST recently commented 
that natural phenomena proceed quite inde- 
pendently of our mode of analysis. There are few 
metallurgical problems where this observation 
seems more apt than those dealing with atmos- 
pheres in the heat treatment of steel. Let us, 
therefore, analyze a few of these problems in a 
search for the viewpoints that are the simplest 
and hence the most instructive. We will generally 
search for the simplest correlations between the 
atmosphere’s composition and the steel’s properties 
—all the time having due regard to the influence 
of temperature on both. These correlations must 
be quantitative. Too often postulates are given 
involving reactions which are quite limited and 
relatively unimportant. The question of pertinent 
data arises, since it is often as important to find 
why a certain result obtains as it is to recognize 
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second and equally important division 
concerns the specific process, and the 
results desired in a given operation. This 
latter division includes the actual prob- 
lems encountered in the plant, and the 
discussion may well begin with a general 
survey of the problems arising when steel is 
exposed to elevated temperatures. 


Natural Atmosphere 


The existence of an atmosphere in all heating 
operations is readily appreciated, even by the cas- 
ual observer. One visual proof is the temper col- 
ors on the surface of polished steel specimens as 
they are slowly heated. This coloration may be 
analyzed by measuring the temperature of the 
specimen and noting the time to acquire a definite 
blue. If conditions are controlled rather carefully, 
it is observed that the color for a given tempera- 
ture after a short holding time may often be 
duplicated at a somewhat lower temperature if the 
holding time be increased. Similarly, the color 
observed as the piece reaches temperature will 
























gradually deepen with elapsed time up to a cer- 
tain point, after which the color seems established, 
and no further change is noted. 

In this simple experiment — qualitative 
though it may be—the effect of the atmosphere 
of a given composition (that is, the mixture of 
nitrogen and oxygen found in air) is demonstrated 
by the formation of an oxide film on the steel sur- 
face. If it is agreed, with the physicists, that the 
color gets deeper as the oxide film gets thicker, it 
is further demonstrated that the extent of the 
reaction between iron and oxygen is a function 
of time and temperature. 

An even more common phenomenon involving 
reaction between polished steel surfaces and their 
surroundings is found by observations at room 
temperature: If the air is quite dry — that is, rel- 
atively free of water vapor — the formation of rust 
is slow; days may elapse before any noticeable 
discoloration appears. However, if water is 
dropped on the sample so that only portions of the 
surface are wetted, the rusting reactions are 
greatly accelerated, and in a few minutes a notice- 
able discoloration is evidenced on wiping the sur- 
face with a clean cloth. If the wetted specimen is 
heated to a temperature just below the boiling 
point of water, the reaction is greatly speeded, and 
under certain conditions the surface is entirely 
coated in a few seconds. In this event the com- 
position of the atmosphere in contact with the 
steel is not one of nitrogen and oxygen alone; at 
the surface (or interface) the air is saturated with 
water vapor. The amount of water vapor that can 
be carried by air increases rapidly with tempera- 
ture, and both the temperature and the water 
vapor content have a pronounced effect on the 
iron-oxygen reaction which produces rust. 


Prepared Atmospheres 


Literally speaking, any gas or mixture of 
gases surrounding the steel part constitutes an 
atmosphere. So defined, the illustrations given 
above are as apt as any of the varied industrial 
processes with which we will deal later. However, 
many heating processes cannot be performed in 
the simple air medium without extensive damage 
to the material being heated, and the definition of 
“atmosphere” in this sense implies the control of 
its gaseous composition. For such processes, the 
parts are heated in chambers where the flow of 
controlled atmosphere is sufficient to exclude the 
surrounding air. This heating space containing 
the atmosphere and the parts is customarily desig- 
nated in shop parlance as the mufile, the retort, 
or the work chamber. 

Commercial atmospheres are somewhat lim- 


ited as to composition (the ingredients themselves) 
as well as to their relative amounts. Volumes 
measured in thousands of cubic feet per hour are 
frequently needed, so prepared gases must be eas- 
ily made from materials that are readily available, 
and which are of relatively low cost. In fact, the 
“base” or “carrier gas” is often produced from 
common fuel gases and air, under controlled reac- 
tions in an auxiliary retort or generator. The total 
list of gases that may be applied to the work cham. 
ber for the processes we are to consider are but 
eight in number, three of which, oxygen (0,), 
nitrogen (N,), and water vapor (H,0O), have 
already been mentioned. The completed list 
includes carbon monoxide (CO), carbon dioxide 
(CO,), hydrogen (H,), methane (CH,), and 
ammonia (NH;). If the two solid elements 
found in all steels, namely carbon (C) and iron 
(Fe), are included in the group, the major react- 
ants in our heating processes are found. The 
number of possible reactions that might be written 
from these ten components is enormous, and we 
shall use only a few of them. 

Before any chemical reactions are written, a 
word of caution seems desirable, since the mere 
writing of reactions can be very misleading. Let 
us be ready to interpret or at least to analyze a 
given reaction when it is quoted. A few examples 
covering the analysis of pertinent reactions may 
serve as illustrations. 


Reaction Analysis 


A simple but informative experiment is found 
in the book by R. Schenck entitled “The Physical 
Chemistry of Metals”, published in English trans- 
lation in 1908: This German investigator placed a 
glass tube in a carefully controlled electric furnace 
maintained at 825° F. The tube was connected to 
a vacuum pump and it was thoroughly exhausted, 
and then pure carbon monoxide (CO) fed into the 
empty tube until its pressure was slightly above 
the normal atmospheric pressure of 760 mm. of 
mercury. This tube or work chamber was also 
connected with a manometer so that the pressure 
inside could be continuously observed. In this 
first experiment there was no observable change 
in pressure as time went on; evidently pure CO 
is practically stable at 825° F. in a clean glass tube. 

Next the experiment was repeated, but with 
the difference that the evacuated work chamber 
contained some clean nickel shavings. After the 
CO had been led in and the feed line closed, the 
pressure dropped fairly rapidly and within an hour 
it had reached slightly under 500 mm. of mercury, 
but then remained constant with time. A slight 
deposit of sooty carbon was noticed on the nickel. 
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Evidently the carbon monoxide was decomposing 
in such a manner that the number of molecules 
was reduced (the pressure of the gas had dropped, 
despite constancy of total mass and temperature 
of the gas), and this reaction had reached comple- 
tion within an hour. The reaction involved was 
the reverse of the one commonly known as the 
“producer gas reaction”. It was 
2CO = CO, + C (1) 


Note further that the reaction had not completely 
transformed the CO into CO, else the pressure 
would have dropped to exactly half that at the 
beginning, to correspond with halving the number 
of gaseous molecules. Some CO is in balance (“in 
equilibrium”) with the CO, and C at 500-mm. 
pressure and 825°F. This is noted by writing the 
above equation as 


2CO = CO, + C (2) 


which infers that the relative amounts of CO and 
CO, in equilibrium with C will depend on the 
temperature and pressure of the mixture. 

One further point is important, before we 
go on to Dr. Schenck’s third experiment: The 
nickel shavings did something like triggering an 
action that did not occur in the tube without the 
metal. Examination of the nickel after the experi- 
ment showed no change, after the loose carbon 
was brushed off. Chemists say that nickel “cata- 
lyzes” the reaction; it takes part in it without 
showing any permanent effects. Similar catalytic 
reactions that deposit unwanted soot have badg- 
ered metallurgists in many carburizing processes. 

In the third experiment with this equipment, 
the conditions were duplicated except that iron 
filings replaced the nickel. The pressure began to 
decrease immediately, again indicating that CO is 
decomposing into CO, gas and solid carbon. How- 
ever, the reaction did not stop at 500-mm. pressure, 
as it did with nickel, but continued to drop although 
at a constantly decreasing rate. If such an experi- 
ment is continued for a long time, the pressure in 
the container eventually approaches a very low 
figure. The curves for the two experiments with 
nickel and iron are given in Fig. 1. 

These are extremely suggestive experiments. 
For the nickel phase, verification is given for the 
producer gas reaction; the final atmosphere is rich 
in carbon dioxide, and this gas does not react with 
nickel at 825°F. For the iron phase, the carbon 
dioxide, formed on the decomposition of carbon 
monoxide, reacts in turn with iron to form iron 
oxide at this temperature. The gaseous product 
of this reaction is more carbon monoxide, which 
in turn breaks down to carbon dioxide and free 
carbon ; the cycle repeats until the original gaseous 
mixture is converted almost completely to solid 


carbon and to “solid” oxygen (in the sense of 
oxygen fixed in the iron oxide). 

The above experiments illustrate the caution 
raised at the outset. Here we start with a pure gas 
(CO), ordinarily thought of as a “reducing” gas, 
in contact with steel at a relatively low tempera- 
ture, far below the carburizing range, and the 
result is a badly scaled metal and a lot of soot! 
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Fig. 1 — Pressure Changes in Closed 
System at 825° F., Originally Containing 
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Let us extend the analysis, in an endeavor to 
interpret factors other than chemical reactions. 
Suppose that an actual process at 825° F. requires 
the iron surface to be kept clean, or that no oxide 
be formed. We observe from the curve in Fig. 1 
representing the experiment with iron that the 
rate of reaction slows greatly as the amount of 
CO remaining in the mixture gets less and less. 
(The physical chemist would say that the “partial 
pressure” of CO is decreasing continuously in that 
experiment.) It would appear logical therefore to 
compound a gas mixture of a little pure CO in a 
good deal of an inert gas like nitrogen, and get a 
mixture that would react very slowly, if at all, 
with clean steel. We find it difficult and expensive 
to obtain pure bottled carbon monoxide and nitro- 
gen, but a gas containing 20% CO and the balance 
nitrogen can be produced in quantity. To counter- 
act the effect of the producer gas reaction, and the 
damage done to the steel by CO, which is so 
formed, an effluent tube is added to the work 
chamber, and the pressure in the chamber is main- 
tained by furnishing a continuous flow of the pre- 
pared gas. Realizing that the work chamber is at 
an elevated temperature, and that the density of 
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gases decreases as the temperature increases, the 
precaution is taken to maintain the chamber pres- 
sure slightly above atmospheric to avoid contami- 
nation with any air surrounding the work retort. 
We may experiment with the size of the opening 
for the effluent tube; the supply of fresh prepared 
atmosphere (CO + N,) must be sufficient to over- 
come the rate at which carbon monoxide decom- 
poses, and the tube opening must allow this flow 
and still maintain the chamber pressure. Under 
these conditions, the steel surface remains 
unchanged; that is, no oxide is formed, although 
a slight amount of carbon will be found in the 
retort. Yet we find the amount of carbon thus 
deposited is Jess than though pure carbon monox- 
ide were supplied; thus the dilution with inert 
nitrogen is actually an advantage to our process! 

The above is an excellent illustration of how 
dynamics can be used to keep a reaction within 
innocuous limits. “Dynamics”, of course, involves 
concepts of motion, gas flow or carbon diffusion, 
as opposed to the static conditions of equilibrium 
that are seldom reached in plant operations. There- 
fore let us pursue the analysis of this reaction 
between carbon, iron and their oxides further: 

The striking phenomena illustrated by 
Schenck’s experiments are not independent of 
temperature. At 1600° F., for example, a distinctly 
different phenomenon is found; in a stream of CO 
+ CO, drawn through hot charcoal and therefore 
in equilibrium as far as the producer gas reaction 
is concerned, we find that carbon will be absorbed 
by the steel —that is, the steel is “carburized”. 
Evidently, the C: CO: CO, equilibrium at 1600° F. 
is upset at the surface of the steel, causing the 
reaction 

2CO — CO, + C (1) 
to proceed, and the carbon is taken into solid solu- 
tion in the hot iron (austenite) and proceeds to 
diffuse inward toward regions of lower carbon 
concentration. 

Evidence of this is given in Giolitti’s epoch- 
making book on “The Cementation of Iron and 
Steel”, published in 1915, where the producer gas 
reaction is analyzed in connection with its ability 
to furnish carbon to the steel surface. Dr. Giolitti 
gives a complete critical account of the published 
work on carburization (one of the earliest metal- 
lurgical processes to receive the attention of sci- 
entists) up to the time of his more searching 
experiments, starting in 1907, that proved that the 
true carburizing mediums are the gaseous com- 
pounds of carbon.* 

This topic of “the proper interpretation of a 

*Using a decidedly improved technique, from 


an analytical viewpoint, the carburizing reaction of 
carbon monoxide is further studied by Arthur Bram- 


chemical action” should not be concluded withoy; 
a brief reference to the oxidizing properties of the 
carbonaceous oxides. The student will be wel 
repaid for an examination of the notable paper 
on “The Chemical Equilibrium Between Iron, 
Carbon and Oxygen” presented by A. Matsubara 
before the American Institute of Mining and Met. 
allurgical Engineers, and printed in its Transqe. 
tions for 1922, V. 67, p. 3. Employing carbon 
monoxide and carbon dioxide in successive experi- 
ments, the equilibria for magnetic oxide and for 
ferrous oxide, termed “the Fe,0,-FeO equilibrium” 
and “the FeO-Fe equilibrium”, respectively, are 
extensively analyzed. Investigation of the carbv- 
rizing reaction also leads to a diagram showing 
the relationship for equilibrium between gas com. 
position, temperature, saturated austenite and the 
oxides of iron at one temperature. 

The thermodynamic functions of gases, as 
determined quite recently with great accuracy 
from band spectroscopy, are an invaluable aid in 
the precise analysis of reactions. It might be difi- 
cult, however, to find more illuminating references 
concerning the problems of atmospheres than the 
works of Schenck, Giolitti and Matsubara, above 
quoted. They serve as a constant reminder that 
we must proceed with caution in our interpreta- 
tions of chemical reactions. Bearing this in mind, 
let us make a cursory examination of some con- 
mercial atmosphere processes. Using a very gen- 
eral division, these may include oxide coatings, 
clean hardening, and carburizing operations. 


Oxide Coatings 


Commercial problems involving the designed 
production of oxide coatings invariably deal with 
machined or ground steel surfaces. In fact, it is 
with the finished part, whose surfaces are initially 
clean, that the major portion of our atmosphere 
evaluations are directly concerned. Two common 


ley and his associates in a series of papers printed 
Carnegie Scholarship Memoirs of the Iron and Steel 
Institute, 1926 to 1928. While it was certain at that 
time that the active agents in the carburizing process 
were gaseous carbon compounds, the importance of 
carbon monoxide in the supply reaction had not beet 
thoroughly analyzed. These British investigators 
a very complete series of laboratory experiments, 
employing pure carbon monoxide as the gaseous 
medium. These tests covered a wide range of time 
cycles, rates of gas flow and temperatures. Curves 
showing the concentration of carbon at varying dis 
tances from the steel surface (“carbon-penetratio! 
curves”) were obtained by analyzing successive layers 
of lathe turnings taken from the test specimens, 204 
these results were checked by photomicrographs 
From the data, an attempt was made to explain the 
penetration or diffusion of carbon into stee! during 
carburizing — again, a dynamic process. 
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practical uses are found for controlling coatings: 
In the first, the properties of the oxide itself make 
the process useful; the second use seeks to provide 
a protective finish. Both processes provide an 
even and extremely thin coating, although the 
protective coating is the more tenacious of the two 
and of lesser depth. 

The three oxides of iron in the order of their 
oxygen content are ferrous oxide, FeO; magnetic 
oxide, Fe,O,; and ferric oxide, Fe,O3. Ferric oxide 
(Fe,O,) is the familiar red rust. At low tempera- 
tures it is not generally formed directly, but rather 
as a decomposition product of ferric hydroxide, 
Fe(OH);. In both of the commercial coatings the 
formation of ferric oxide (or the hydroxide) is to 
be avoided. If the parts are initially dry, heating 
below 700° F. in air forms the superficial oxides or 
temper colors only. It is between 700 and 1300° F. 
that the useful oxides are formed; the oxygen con- 
tent of air is too high to allow any degree of con- 
trol in the oxide formation in this temperature 
range; the steel’s surface is roughened, and the 
oxide is often loose or irregular. A _ prepared 
atmosphere is essential to the coating process. 

The first application uses pure water vapor 
(“pure” in the sense that it is not contaminated 
with air) in the latter part of the heating cycle. 
With parts initially dry, the charge is heated to not 
over 650° F., or at least until all parts are over 
300° F., the heating being in the normal air atmos- 
phere. The air is then completely displaced by 
steam, and this displacement must be completed 
before any portion of the load reaches 800° F. The 
steam atmosphere must be maintained, without 
contamination with air, at least until the steel 
surfaces are completely covered by the oxide film. 

The reaction above 1030° F. is 

Fe + H,O = FeO + H, (3) 
Below 1030° F. it is 

3FeO + H,O = Fe,0, + H, (4) 
The reactions as written show that below 1030° F. 
the stable oxide is the magnetic oxide, and above 
that temperature it is the ferrous oxide. 

If the atmosphere be contaminated with air 
— that is, if the atmosphere is partly water vapor 
with appreciable amounts of free oxygen — an 
extremely fast reaction sets in, having ferric 
hydroxide as a product. The coating is then very 
soft and free, much like a rust deposit, and is 
extremely undesirable. The true oxide coating, 
properly processed, is quite tenacious apd seems 
to be part of the steel itself. Viewed ander a high 
powered microscope, the coating appears quite 
porous, and this porosity gives it the property of 
retaining an oil film much better than a finished 
bare metal surface can. For parts which are sub- 


jected in use to a scrubbing or lapping action, the 
oil film allows the surface to be burnished before 
the oxide disappears through wear. This coating 
is also applied to certain classes of tools, and to 
punches used for extruding sheet metal parts. 

For the protective oxide coating, the atmos- 
phere is chiefly carbon dioxide. At low tempera- 
tures the reaction with iron is less rapid than it is 
with steam, although identical oxides are formed. 
The required atmosphere is easily prepared by 
removing the water vapor from the products of 
complete combustion as gaseous fuel with air. For 
example, the combustion of methane and air is 
2CH,+40,+ 15N,=2CO, +4H,O+ 15N, (5) 

Most of the four volumes of water vapor, 
symbolized at the right in equation (5), may be 
eliminated (at least to the dew point representing 
saturation at the temperature to which the gas is 
cooled) by spraying the gas with cold water. The 
final composition of gas cooled to 64° F., as sup- 
plied to the work chamber, is approximately 2% 
H,O, 11.5% CO,, 86.5% N,. This atmosphere, from 
the application standpoint, has the advantage over 
steam that it can be in contact with the steel 
throughout the entire heating range. Treatment 
in such a gas mixture is particularly suited to a 
tempering operation following clean hardening. 
When a quench in soluble oil follows this low- 
temperature operation, a pleasing surface finish 
is found, making the process quite desirable for 
bolts or other threaded parts. 

The reaction above 1030° F. is 

2Fe + CO, = 2FeO + CO (6) 
and below 1030° F. 
6FeO + CO, = 2Fe,0, + CO (7) 

It is thus seen, by this very brief discussion, 
that carbon dioxide, the “bad actor” when bright 
annealing or clean hardening is desired, can be 
used to advantage when properly controlled as to 
temperature and moisture content for the produc- 
tion of a colored finish with very desirable proper- 
ties. Likewise, moisture by itself, also under 
proper control, can produce another oxidized 
finish with other specialized properties. 

Since carbon monoxide, carbon dioxide and 
moisture are the universal constituents of flue gas 
or of partially burned fuel gas (the common 
source of economic atmospheres for commercial 
applications) it is necessary that we know the 
properties of these gases, either alone or in com- 
bination, as functions of temperature and pressure. 
This will lead us into the subjects of clean harden- 
ing and a more precise consideration of gas car- 
burizing —- matters which will be taken up in the 
second portion of this article, to appear in Metal 
Progress next month. 6 
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High Speed Photographs of 


Made by Robert A. Buchanan 


Research Laboratory 
U.S. Steel Corp. 
Kearny, N. J. 


HIS series of five stroboscopic photographs shows the 
initial stages in end-quenching a red hot bar of steel 
with a jet of water in the standardized manner. The 
entire period covered is but a fraction of a second, the 
exposure in each case being 1/10,000 sec. The source of 
illumination, which was placed about 2 ft. from the bar, 
was one gas-filled tube through which was passed an 
electrical discharge from a condenser. This discharge 
was set off manually on the judgment of the photog- 
rapher. The camera was a 4x5-in. Speed Graphic with 
the lens at 22. Super-XX film was used. 
The action, which is far too fast for the eye, is 
“stopped” so that one may study in detail the behavior 


of the stream of water as it makes contact 
with the hot steel surface. 

The first photograph is reminiscent of 
some of the photographs of the early stages 
of the burst of the atomic bomb in the first 
New Mexico test. The second shows the water 
just as it makes contact with the surface of 
the steel at which there appears to be some 
turbulence. In both the first and second pho- 
tographs, the reflection of the discharge tube 
in the water is plainly visible. 

The last three photographs show how the 
mushroom of water forms and how it appears 
to rise above the edge of the steel bar. Picture 
No. 5, which is taken at closer range, illus- 
trates how small particles are thrown off at 
the edge of the steel. These are assumed to be 
tiny drops of water, though they might be 
particles of scale. 
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Training and Research in Atomic Energy 


[* Metal Progress for April certain American 
developments in atomic energy were indicated 
by quotations from the third semiannual report to 
Congress of the United States Atomic Energy Com- 
mission. Especially, these included general plans for 
the expanded production of fissionable materials 
and for the design and construction of more effi- 
cient reactors and energy generators. A major 
fraction of the report describes research facilities 
and a research policy designed to utilize the full 
scientific potential of the nation. The cooperative 
programs of training and research in the national 
laboratories are briefed in the following verbatim 
extracts : 

An inseparable part of the Commission’s 
responsibility for the development of atomic energy 
relates to the training of men who will do the work. 
The three national laboratories at Chicago, Oak 
Ridge (Tenn.), and Patchogue (Long Island), with 
their total of 52 associated universities, are impor- 
tant training as well as research centers. The broad 
base of participation in atomic energy research by 
academic institutions is in itself important from an 
educational standpoint. All of the research pro- 
grams at educational institutions are training pro- 
grams as well. 

The Clinton National Laboratory* at Oak Ridge 
is an outgrowth of the huge wartime development 
in the production of fissionable materials at this 
location. Cooperating with the Clinton National 
Laboratory are 14 southern universities, combined, 
under charter from the State of Tennessee, into the 
Oak Ridge Institute of Nuclear Studies. It is under 
contract to the Commission for extensive research 
and training. The 14 participating institutions are 
Alabama Polytechnic, Catholic University, Duke, 
Emory, Georgia Tech, Louisiana State, Tulane, 
Alabama, Kentucky, North Carolina, Tennessee, 
Texas, Virginia and Vanderbilt Universities. 

The Oak Ridge Institute has developed several 
programs. The graduate training program permits 
selected graduate students from various universities 
to complete their thesis research with work at Oak 
Ridge; during the fall semester 198 students regis- 
tered for courses. A supplementary graduate train- 
ing program enables regular employees of the local 
operating contractor to continue work while study- 
ing subjects required for their theses at Oak Ridge 
instead of going elsewhere. The school of nuclear 
science of the Institute provides advanced study at 
the post-doctorate level in special problems related 
to nuclear reactor development. The research par- 
ticipation program will make it possible for scientific 
staff members of educational institutions to take 
part in the research programs of the operating con- 
tractors. Also, the Institute will conduct a special 
school in radioactive tracer techniques, beginning 
in the summer of 1948. 

Argonne National Laboratory is successor to 


the ‘‘ Metallurgical Laboratory’’ established early in 
the war at the University of Chicago. It is stil] 
operated for the Atomic Energy Commission by the 
University, and the following 29 participating mid- 
west institutions are represented on the Council: 
Battelle Memorial Institute, Carnegie Tech, Case 
Tech, Illinois Tech, Indiana, Iowa State, Kansas 
State, Loyola (Chicago), Mayo Foundation, Michi- 
gan Tech, Michigan State, Northwestern, Missouri, 
Nebraska, Pittsburgh, Notre Dame, Ohio State, 
Oklahoma A. & M., Purdue, St. Louis, Chicago, 
Cincinnati, Illinois, Iowa, Michigan, Minnesota, 
Wisconsin, Washington (St. Louis) and Western 
Reserve Universities. The laboratory, now scattered 
over the campus of the University of Chicago, is to 
be consolidated at a single Government site. Land is 
being acquired in Du Page County, and designs are 
under way. 

Brookhaven National Laboratory at Patchogue, 
Long Island, was established to enlist the scientific 
cooperation of the great educational institutions of 
the Northeast. It is operated by Associated Univer- 
sities, Inc., a corporation formed by the following 
nine universities: Columbia, Cornell, Harvard, 
Johns Hopkins, M.I.T., Princeton, Pennsylvania, 
Rochester and Yale. A major purpose of the labo- 
ratory is to provide exceptional facilities to young 
scientists for training in nuclear research. Although 
Brookhaven neither awards degrees nor grants 
academic credit, selected graduate students are per- 
mitted to carry out their doctorate investigations, 
using its special facilities. 

During 1947 a fellowship program was devel- 
oped in the Division of Biology and. Medicine of 
the Atomic Energy Commission. This program is 
designed to train qualified persons for careers in the 
medical and biological aspects of atomic energy. 
For this purpose the Commission has budgeted 
approximately $1,000,000 for the first year. A simi- 
lar plan for research fellowships in the physical 
sciences is under development. 

Basic research [under authorization and financ- 
ing by the Commission] was expanded during 1947 
in the fields of physics, chemistry and metallurgy. 
This work includes the metallurgy of both fuel ele- 
ments and reactor working materials. The principal 
facilities where basic work on atemie energy is under 
way are: Argonne, Battelle Memorial Institute, 
Brookhaven, Oak Ridge, Columbia University, Ames 
Laboratory (A.E.C., at Iowa State College), Massa- 
chusetts Institute of Technology, California, the 
National Bureau of Standards, [Los Alamos Scien- 
tifie Laboratory (A.E.C.), Hanford Directed Opera- 
tions (A.E.C., at Richland, Wash.) and Knolls 
Atomic Power Laboratory (A.E.C., at Schenectady 

*Now known as Oak Ridge National Laboratory 
(“X-10” in local parlance), operated by Carbide & Car- 
bon Chemicals Corp., contractor to the Atomic Energy 
Commission. 


Presentation of verbatim extracts from important contemporary documents concerning atomic energy does 
not imply that the Editor agrees with the opinions quoted, nor that they are expressions of A.S.M. policy. 
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A Simple, Accurate 


Microhardness Testing Device 


By E. Boerje Bergsman 
Chief Metallurgist 
Munkfors Works 
Uddeholm Co., Sweden 


is used as an indenter, the hardness 
number is obtained by measuring the 
diagonals of the impression, and is 
expressed as the test load per unit area 
of the impression in kg. per sq.mm., 
according to the formula: 

H 1854 - P 
fixed. The objective is then replaced by another = Zz 


This apparatus, a wartime development in Europe, 
uses an inverted metallographic microscope, where- 


by the exact location of the spot to be tested can be 


the Vickers number in kg. per 
sq.mm. 
centered, and specimen is lowered onto the dia- P the load in g. 


holder in which a pyramidal diamond is accurately where Hyp 


mond’s point. 


regulates the pressure between diamond and speci- 
men (the indenting load) between limits of 0.5 and 
500 g., and the resulting impression is measured 
by micrometer eyepiece in the usual manner. 


Several routine laboratory investigations made with 


this equipment are described. 


ICROHARDNESS testers described in the lit- 

erature are based either on the scratch method, 
or on the method of static indentation. Ina scratch 
lest the cutting instrument, usually a diamond 
point, is drawn with constant pressure across the 
surface of the specimen instead of being pressed 
at right angles against it. In the method of static 
indentation the indenter is pressed under a known 
load and for a certain time into the material. In 
microtesting, the indenter is usually a diamond 
pyramid with a vertex angle of 136°, and its direc- 
tion of movement is at right angles to the surface 
of the specimen. 

When a hardness number based on an absolute 
scale is required, the static indentation method is 
Nearly always employed. If a Vickers diamond 


A_ counterbalanced lever system 


d the length of the diagonals of 
the impression in 0.001 mm. 

In order to obtain reliable results, 
the preparation of the samples, the test- 
ing itself, and the measurement of the 
impressions must all be carried out in a 
standardized manner, adhering to cer- 
tain rules. As these are a question of 
pure routine, microhardness tests can be 
left to the more qualified laboratory 
assistants when the necessary instruc- 
tions have once been given, and after a 
certain amount of practice they can be 
carried out almost as quickly as an ordinary 
Vickers test. It is necessary to employ a micro- 
scope having the best possible resolving power in 
order that the dimensions of the indentation may 
be precisely determined. 

To attain the utmost precision in static inden- 
tation tests, it is important that the diamond be as 
perfectly shaped as possible and the apparatus be 
free from any vibration. The loading speed should 
be kept constant during a series of comparative 
tests, and the load should remain applied for a 
sufficient time to insure a static condition. A 
loading speed of 1 mm. per min. and a 15-sec. 
duration of loading have proved suitable. 

The experiments which have been carried out 
in Sweden indicate that the Vickers numbers 
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obtained by microhardness testing can be regarded 
as “normal” Vickers numbers. If necessary, there- 
fore, the tables already available for converting the 
normal Vickers or the microhardness scale to 
another (like the Rockwell C-scale or the Brinell 
numbers) can be employed with satisfactory accu- 
racy, which is certainly of importance from a 
practical viewpoint. 


Method of Testing 


The applications to be described have all been 
carried out in the laboratory of the Munkfors 
Works of the Uddeholm Co., 
Sweden, with a microhardness 
tester designed and constructed 
under the author’s supervision, 
and obtainable from the com- 
pany’s American offices. 

The tester differs from other 
microhardness testers principally 
because of the facts that the nec- 
essary load is applied direct to 
the specimen (thus simplifying 
the construction) and that the 
specimen instead of the indenter 
is movable. 

The apparatus, shown 
mounted on the stage of a metal- 
lographic microscope in Fig. 1, 
can be used with any standard 
inverted microscope with only 
slight modifications necessary to 
suit various types of stage and 
objective holder. The indenta- 
tion is made with a Vickers dia- 
mond, fixed in a holder which is 
interchangeable with the micro- 
scope objective. The diamond 
can be centered in this holder so 
that the indenter’s point can be 
brought in line accurately with 
the optical axis of the objective. 

Static indentation tests for quantitative meas- 
urements are made in the following manner: 

The specimen is placed in the holder with the 
polished surface to be tested facing downwards, 
and is fastened with a screw clamp. The clamp is 
inserted into a bayonet mount in the holder. 

The weight disk is now applied and, after bal- 
ancing with the adjustable counterweights, the 
desired weight (that is, the indentation load) is 
applied. 

The specimen is adjusted so that the area to be 
tested is located at the cross-wires. The microscope 
objective is then replaced by the indenter holder, 
wherein the diamond has already been centered. 


The test area and diamond point are then brought 
in contact by lowering the specimen stage with the 
coarse adjusting screw, proceeding with the fine 
adjusting screw when the diamond nearly touches 
the specimen. At the moment when the diamond 
point lifts the specimen and its holder, an electric 
circuit is broken and a small lamp is extinguished 
The indentation load is then functioning, and the 
diamond makes an impression in the specimen, 
After a suitable length of time the specimen 
stage is raised and the diamond holder is replaced 
by an objective for examining and measuring the 
impressions. (Alternatively, a whole series of spaced 


Fig. 1 — Bergsman’s Microhardness Tester 

Mounted on an Inverted Microscope 
(1) Specimen holder, (2) weight disk, (3) lever, (4) axle, (5) 
indentation load — fixed interchangeable weight — which is placed 
on the weight disk after counterbalancing by the adjustable counter- 
weights (6) and (7), (8) indicating pointer for adjusting weight to 
correct position centered above the diamond point, (9) electric con- 
tact broken when diamond point lifts the specimen and its holder, 

(10) electric lamp showing when contact (9) is broken. 


indentations can be made consecutively by moving 
the specimen stage.) 

Measuring the impression’s diagonals is best 
done by an eyepiece screw-micrometer. Although 
slightly less accurate, an ordinary eyepiece microm- 
eter can be used. The average of the two diagonals 
is then used for computing hardness by formula. 


Typical Applications 


The instrument can easily be used for making 
scratch tests employing loads of 0.5 to 5 g. 0 
these tests the specimen stage is lowered and then 
moved in the desired direction. 
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Fig. . — Impressions X 350 in the Cross 
Section of a Wire, 0.10 Mm. (0.004 In.) 
Diameter. Indentation load: 50 g. 
Vickers hardness: 750 kg. per sq.mm. 






The wide range of utility for 
microhardness testing can be illus- 
trated by the following examples, 
which have been chosen primarily 
as applications to purely practical 
questions. Microhardness tests can 
also throw light upon many research prob- 
lems of more or less theoretical interest; 
examples, however, have not been included 
in this paper. 

It is sometimes necessary to determine 
the quality of a material from a very small 
sample only. For example, a wire, 0.10 
mm. (0.004 in.) in diameter, was tested 
without difficulty on a cross section 
mounted in bakelite for polishing, 
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ments, and file teeth. 
















with an indentation load of 1 g. 
The hardness of thin surfaces, 
such as electrodeposited layers, can 


also be determined. 


are given in Table I. 

As can be seen, the indentation 
load has been chosen to give an 
impression whose diagonal is less 
than the thickness of the coating. 
As the depth of the impression is 


Table I— Hardness of Some Electroplates 


A few results 





COATING 
Nickel 
Zine 
Silver 





| 


Chromium | 


| 


THICKNESS 


MoM. 

0.010 0. 
0.010 0. 
0.015 0 
0.030 0. 





IN. 


0004 
0004 


0006 
0012 | 





Loap 


25 g. 
10 


5 
25 





DIAGONAL 


0.0068 mm. 


0.0074 
0.0113 
0.0205 


- 


VICKERS 
HARDNESS 


1000 
339 
73 
110 








shown in Fig. 2. Other similar applications are the 
determination of hardness of the working surface 
of small dental drills, thin twist drills, metal frag- 


Another special problem is the testing of foils 





processes. 



















1 g. Vickers hardness: 


for hardness. 






in an aluminum foil, 0.013 mm. 





Fig. 3— Impressions 1000 on 0.013-Mm. 
(0.0005-In.) Aluminum Foil. Indentation load: 
26 kg. per sq.mm. 


: 


If the testing conditions are such 
that the depth of the impression is small in relation 
to the thickness of the foil, the correct hardness 
number can be obtained even on thin and soft foils. 
For example, Fig. 3 shows some impressions made 
(0.0005 in.) thick, 


10 mm. 


Fig. 4 
of a Nitrided Steel. 


° 


Vickers Hardness 
8 


Carburization, 


(0.394 


in.) 





square. 


only one-seventh of the diagonal, it is obvious that 
there is no danger of piercing the layer 
obtaining a false hardness number. 
decarburization and nitriding 
are instances of some important industrial diffusion 
Figures 4 and 5 illustrate the possibil- 
ities of measuring the extent of the diffusion zone 
by microhardness. 

In Fig. 4 numerous microhardness tests were 
made on a cross section of a piece of nitrided steel, 


and so 


Impressions were 


Hardness Penetration in the Surface Layer 


Indentation load: 





100 g. 
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placed in line at an oblique /000 
angle to the surface, thus 
enabling the investigator to 


grains in the structure, pro- 
vided these are larger jp 
cross section than 0.005 to 





8 


make a more detailed study 
of the hardness variation, 
since a larger number of 


0.010 mm. (0.0002 to 0.0004 
in.). This limitation in size 





is mainly due to the facet 





8 


impressions can be placed 
within the surface layer 


“< 


that the resolving power of 
the best metallurgical) 
microscope cannot be car. 





under examination. 
Good results can also 
be obtained by using a sec- 


Vickers Hardness 
8 





tion cut at an acute angle 
to the surface. 
By combining the two 500 











ried further than about 
0.0003 mm. (0.00001 in.): 
| with small impressions, 








therefore, the error in 
measuring will be dispro- 











methods — that is, by mak- 0 QO/ 
ing the impressions on a 
taper-ground surface along 
a line at an oblique angle to 
the surface boundary, hard- 


Q02 O03 004 O05 
Depth, Mm. 


Fig. 5 — Hardness Curve Showing the Possi- 
bilities of a Detailed Study of a Very Thin 
Surface Layer (600 Readings per Mm.) 


portionalely large. When 
testing very small grains of 
a microstructure, it is of 
importance that the 
indenter be faultless right 


Fig. 6 and 7 — Hardness of Chromium-Iron Alloy (0.70% C, 22% Cr) Tested by 
Indentation and Scratch, Respectively. Ferrite is 215 hard, chromium carbide 1060. 
Indentation load: 25 g. Scratch load: 2 g. Magnifications: 650 and 500X 


ness variations can be studied even in very thin 
layers. The diagram in Fig. 5 shows an instance 
where 31 impressions were made in a surface layer 
only 0.05 mm. (0.002 in.) thick. This corresponds 
to about 600 readings per mm. (approximately 
16,000 readings per in.). 


Hardness of Microscopic Components 


The characteristics, including hardness, of 
multiple-phase metals depend on the properties of 
the constituents. An ordinary hardness test repre- 
sents the average of the alloy on account of the 
large area covered by the impression. 

A microhardness test, however, enables the 
investigator to determine the hardness of individual 


up to its very point, which often is not true. Quite 
naturally, also, the precision of aim decreases a8 
the size of the grain in question becomes smaller. 
Furthermore, the impressions must be considerably 
smaller than the grain being tested in order that 
the hardness of surrounding or underlying mate- 
rial will not influence the result. 

Figure 6 shows massive chromium carbide in 
a ferritic steel with 0.7% carbon and 22% chro- 
mium. The Vickers hardness of the carbide is 
1060, and of the adjoining ferrite 215. Figure 7 
shows a scratch test on the same material. 

Figure 8 shows a high speed steel with 0.7% © 
18% W, 4.5% Cr, and 0.7% V. The hardness of 
the tungsten carbide, 1800 Vickers, is more that 
twice that of fairly hard martensite (800 Vickers). 
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The frame of scratches in Fig. 8 has been made 
in order to locate the testing area readily. The 
scratch on the right, leading off the picture, goes 
right out to the edge of the specimen. After 
locating this scratch, which is very simple, it is 
only a matter of following it to the frame which 
encloses the impressions. 

Both Fig. 6 and 8 show the precision of aim 
which a trained operator can reach with this simple 
and accurate testing equipment. The larger carbide 


Fig. 8 — Vickers Test on High Speed Steel. 
Indentation load: 25 g. Vickers hardness: 
martensite 800, tungsten carbides 1800 


particle in Fig. 8, in which five 
impressions have been made, has a 
length of 0.027 mm. (0.0011 in.) 
and a width of only 0.015 mm. 
(0.0006 in.). The length of the 
sides of the square frame is 0.13 


ness tests in the joint itself, hardness numbers 
up to 420 Vickers were recorded, which were 
unexpectedly high for the low-carbon material 
in question. This high hardness could be 
explained by the fact that the heat was conducted 
away quickly by the water-cooled copper elec- 
trodes, and at the same time the carbon content 
was a little on the high side. By lowering the 
carbon content a softer joint was obtained; like- 
wise the weld showed a satisfactory quality. 


Brittle Material 


Attempting to determine the hardness of 


' brittle materials by the ordinary macro methods 


will result in fractures. By using a sufficiently 
small indentation load, however, satisfactory hard- 
ness impressions can be obtained. This is well 
illustrated in Fig. 9 by a series of impressions in 
a brittle iron aluminide layer. This layer was 
formed in the following manner: After cleaning 
in molten flux the iron was dipped in molten 
aluminum whereby a very brittle layer was formed. 
When testing, several large cracks appeared 
around the 200-g. impression, at the right. Around 
the 100-g. impression there are three cracks, and 
each 50-g. impression has one crack. When using 
a 25-g. load and lower, impressions without any 
cracks can be obtained in this fragile material, 
770 Vickers hard. 

Cracks around an impression (and conse- 
quently a hardness number which is too low) have 
also been noticed when testing hardened, untem- 


/ron 


mm. (0.005 in.) —that is, the §& ere. eee, § Aluminide 
same as the thickness of a safety ak a . pom, f3yer. 
nee thie 770 Vickers 
Another common problem is 
to determine the hardness variation 
in welded joints. 
One examination made in the 
author’s laboratory was carried out 
ah, very poor pressure weld of Se Pir Aes ‘ 4 ra Pht i 7" Iron, 
80 t carbon steel. The joint seemed "Ss ty > “i 120 Vickers 
as if it were glued instead of 
welded. By means of microhard- 


Fig. 9— The Surface Layer X350 on a 
Dip-Aluminized Iron. Not heat treated 
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pered steel if too great a load is used. By testing 
with smaller loads, impressions without any 
cracks can be made and correct hardness numbers 
obtained. 


Hardness Changes Caused by Cold Work 


When deep drawing articles such as cartridge 
cases or cooking utensils, hardness variations are 
caused by different degrees of cold work in differ- 
ent areas. This hardness distribution can _ be 
studied in great detail by microhardness testing, 
and a clear picture obtained of the stress distribu- 
tion caused by drawing. 

Cold stamping similarly increases the hard- 
ness, but it is generally localized. Nevertheless, it 
can be of some practical consequence. This was 


found when examining a hardened and tempered 
saw whose teeth had been punched from the blade 
rather than cut or ground. Due to an unsatisfae. 
tory die, excessive burr was caused. A micro. 
hardness test showed a definite hardness increase 
of about 50 Vickers numbers near the edge. As, 
result, a greater amount of filing was necessary 
than if a better die causing a less amount of cold 
work had been used. 

In summary, it may be said that this simple 
device for microhardness testing can be used by 
any first class laboratory technician, once he ha 
been trained in the routine. Several practica| 
applications of the test have been described, 
including the study of surface layers, cold work 
patterns, foils, very small metallic objects, and 
even microconstituents. 8 





Crucible Furnaces for Nonferrous Melting 


PITTSBURGH, Pa. 
To the Readers of METAL ProGREss: 

The article “Brass Foundry Practice at Crane 
Co.” by H. M. St. John (Metal Progress, October 
1947) contained one illustration that may be mis- 
leading — Fig. 8, described as “Advanced Type of 
Brass Melting Furnace; Crane Co.’s Design as of 
1915”.* 

These furnaces are of unique construction. 
No installation of this type was ever made in any 
other foundry. Modern crucible furnaces used for 
melting nonferrous metals in the foundry include 
many improvements, notably (a) better mechan- 
ical design, (6) improved refractory linings, (c) 
more efficient insulation, (d) adaptation to all 
commercial sources of energy, and (e) greatly 
improved crucibles. 

The recent improvements in crucible fur- 
naces have resulted in low labor costs, improved 


*Eprror’s Note: The wording of the caption was 
unfortunate. It was intended to state that in 1915 this 
was an advanced type of furnace. Continued use of 
these furnaces for more than 30 years indicates that 
the design was sound. 


Correspondence 


working conditions, fast melting, and easy control 
of metal quality. The following tabulation shows 
the expansion that took place in the crucible 
melting method during recent years: 
CRUCIBLE 
YEAR FOUNDRIES FURNACES 
1942 2,455 9,633 2,693,704 
1946 2,771 13,891 4,976,305 
An example of stationary crucible furnaces 
melting 250 Ib. of red brass in 30 min., using 1000- 
B.t.u. gas, is shown on the opposite page. 
RICHARD H. STONE 


Sales Manager 
’esuvius Crucible Co. 


Capacity, Ls. 
PER CHARGE 


Low-Temperature Creep of Steel 


Paris, FRANCE 
To the Readers of METAL PROGRESS: 

The creep of steel at high temperatures has 
been studied extensively during the past 25 years, 
but creep has seldom been measured below the 
recrystallization temperature of the steel in que* 
tion. Actually, creep can be observed at temper 
tures far below the recrystallization temperature, 
and even as low as room temperature. 
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, tew results concerning low-temperature 
creep were published in 1943 by Pomp in Germany. 
More recently de Strycker, of the University of 
Louvain (Belgium), has studied the problem in 
connection with the use of prestressed concrete 
beams in which steel reinforcing wires are sub- 
jected to a tension of about 140,000 psi. so that the 
concrete is under compression. Depending on 
composition, drawing schedule and diameter, the 
tensile strength of these wires varies from 170,000 
to more than 350,000 psi., and the elastic limit 
from 140,000 to 280,000 psi. 

When such wires are subjected for a long 
time to a stress of about two thirds the tensile 
strength, there are definite indications of creep. 
The stress at which these deformations are first 
perceptible is extremely variable and cannot be 
stated as a definite fraction of the tensile strength 
or the elastic limit. Sometimes this fraction is as 
low as 25% of the elastic limit, and sometimes it 
exceeds 50% of the elastic limit. The shapes of 
the creep curves for two steels under equal load 
for example, 60% of the tensile strength or 75% 
of the elastic limit) can be different, even when 
the two steels have the same composition, fabri- 
cating schedule and diameter. 

It is therefore quite impossible to judge the 
behavior of these materials except by creep tests 
on the particular steel or alloy to be used. If 
it is necessary to predict the behavior of a 
material precisely, long-time tests are required. 
Definite indications can be obtained in a week, 
although 24-hr. tests can be used to make a pre- 
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liminary selection among steels produced accord- 
ing to different schedules. 

Measurements of low-temperature creep are 
delicate. A precision of one part in a million is 
necessary in determining elongations. Mechanical 


extensometers are not suitable, since they cannot’ 


be adapted readily to the large gage lengths (often 
in excess of 20 in.) that are required in order to 
obtain the desired precision. Optical extensometers 
can be used, but it is necessary to take every 
precaution to avoid errors caused by variations 
in temperature. In particular, the extensometer 
should have the same coefficient of thermal expan- 
sion as the specimen being studied. De Strycker 
has adopted a base length of 200 mm. (7.874 in.) 
and has measured the length by optical means to 
one twentieth of a micron. 

Creep can be expressed in terms of relaxation, 
and it is sometimes preferable to substitute relaxa- 
tion tests (in which stress is measured under 
constant elongation) for creep tests (in which 
strain is measured under constant load). But it is 
no easier to predict the behavior of a material 
from relaxation data than from creep data. 

Low-temperature creep is complex but it 
merits close and systematic examination. A com- 
mittee for the study of this subject has been 
organized in Belgium, under the auspices of the 
Institute of Scientific Research for Industry and 
Agriculture. The committee includes representa- 
tives of steel mills, wire mills, contractors, 
mechanical industries and university laboratories. 

ALBERT PORTEVIN 








Metallurgy and Its Place 


in Engineering Education 


By John Chipman 


Professor of Metallurgy 
Massachusetts Institute of Technology 


Cambridge, Mass. 


Many colleges have recently added metallurgical courses. 
The older-established courses in metallurgical engineer- 
ing vary considerably in content, depending on their 
historical origins and the interdepartmental relation- 


ships in the college in question. It results that there is 


to the present rather anomalous 
situation in the metallurgical pro. 
fession that a large fraction of the 
older members received their basic 
schooling in other fields. 

The term “metallurgical engi- 
neering” if used in the broadest 
sense means exactly the same thing 
as “metallurgy”, but for purposes 
of the present discussion I shall us 


no standard curriculum — perhaps just as well. The the latler as the broader term to 


present paper (an abridgment of an address before the 
American Society for Engineering Education) attempts 
to outline the field of modern metallurgy, and describes 
the courses of study set at Massachusetts Institute 


of Technology after prolonged discussion with metal- 


lurgists of widely differing backgrounds. 


“6 ETALLURGY is the science and art of 

extracting metals from their ores, refining 
them, and preparing them for use.” Webster’s 
definition seems perfectly acceptable in a broad 
sense although its conciseness demands amplifi- 
cation. Metallurgy is indeed a science and one of 
the oldest. Modern metallurgy includes the science 
of the metallic state, of the structures and proper- 
ties of metals and their chemical and physical 
nature and behavior. 

Metallurgy is an art in that it involves the 
skill and ability to produce and employ metals, 
the systematic application of the knowledge of 
individuals and of organizations in the adaptation 
of metals to the uses of man. 

In short, metallurgy is engineering. 

This dual nature of metallurgy requires that 
its students be trained in both science and engi- 
neering, a requirement which is not at all unusual 
in modern engineering education. It has led also 


include metallurgical engineering 
and the science of metals. The out- 
line on the following page attempts 
to set forth the principal features 
of the entire field of metallurgy, not 
as a curriculum but as a field of 
human endeavor. (It is of course 
impossible to divide any science 
sharply into cells; the boundaries 
are inevitably blurred and the divi- 
sions overlapping. Nor is it feasible 
to show in simple outline the 
interrelationships between the several branches 
and their relations to other fields of science and 
engineering.) 

It is hoped that the outline will not be inter- 
preted as an attempt to divide the flekd into petty 
domains or to classify all metallurgists as either 
scientists or engineers. Rather it seems to me 4 
clear demonstration that a well-rounded metal- 
lurgist must be both engincer and scientist and 
that a well-balanced curriculum must contain 
widely diverse elements. Lacking any universally 
accepled terminology or scheme of classification. 
some terms will be defined as we go along, at leas! 
as to their scope. 

A Curriculum in Metallurgy — An outline of @ 
field cannot serve as an oulline of a curriculum. 
Its usefulness lies in what help the educator may 
derive from it in perspective and balance. Other 
factors must also be weighted heavily — loc! com 
ditions, availability of staff, student needs. Many 
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METALLURGICAL SCIENCE 


I Chemical Metallurgy 


1. Crystal chemistry and 
mineralogy 

Thermodynamics of systems 
and processes 

Reaction kinetics 

Surface chemistry 

Corrosion and electro- 
chemistry 


Il Physical Metallurgy 


Il-a. Metallography 

1. Structure of alloys 

2. Equilibria in metallic 
systems 

3. Recrystallization and 
grain growth 

4. Reactions in the solid 
state 

IIl-b. The Physics of Metals 

5. Atomic and electronic 
structure 

6. Diffusion 

7. Electrical and magnetic 
properties 

8. Theory of the solid 
state 


IIl-c. Mechanical Metallurgy 


9. Elastic and anelastic 
behavior 
10. Plastic flow and fracture 


t 


We 





accepiable solutions are possible and An Outline of 
man\ of the controlling factors are not 
visible in the outline. METALLURGICAL ENGINEERING | 
Sc these pertinent facts which ae en 
me of . _ , . I — Mineral Dressing 
were considered important in developing ante 
: Ll he follow 1, Comminution of ores 
the curriculum at M.L.T. were the follow- €. Separation of minerale 
ing: (a) The great majority of graduates 8. Leaching 
go into the industries, whereas perhaps 
12% take graduate work; the curriculum Il _- Process Metallurgy 
must serve both groups. (b) Few of the 1. Roasting and sintering 
students know at the outset what kind of 2. Reduction and smelting 
taal induct th ill ton: 3. Fuels and combustion 
metallurgical industry ney will en er; 4. Heat and fluid flow 
alumni records show wide diversity in 5. Electrometallurgy 
fields of work. (c) There are no domi- 6. Melting, refining and 
t metallurgical industries nearby and amegeng 
nant metaliurg : mimic y — 7. Casting and solidifica 
no concerted demand for specialization. tion 
The oulline contains very much more 
material than can be packed into a four- 111 _- Metal Processing 
year curriculum. We cannot hope to 1. Hot and cold forming 
train a student in physics and chemistry 2. Foundry practice 
i metallurgy and several kinds of > Cong 
— te ‘BY pei , wr 4. Surface treatment 
engineering without making his educa- 5. Powder metallurgy | 
tion exceedingly thin in many spots. We 6. Heat treatment 
accepted the practical limitation of a 
four-year course for the great majority IV —- Application Metallurgy 
of engineering students, and wondered 1. — and specifica- 
P ion 
how much of our outline could be 2. Alloy design 
included. 3. Quality control 
Since much must be omitted, it was 4. Service behavior 














agreed at the outset to concentrate upon 
principles and omit descriptive material 

except when it was needed to avoid confusion. In 
this respect our task of framing a curriculum was 
simplified by the thoroughness of instruction in 
mathematics, physics, and chemistry throughout 
the first two years in all our engineering courses. 
In these courses the freshmen and sophomores not 
only study the calculus and differential equations 
but also use them in everyday problems. Add to 
these a year of physical chemistry and a semester 
of crystallography and mineralogy and the appar- 
ent lotal of basic science in the curriculum is 38% 
actually this represents only the fraction which 
is taught in science departments of our institution, 
because much of the material in metallurgy could 
be accurately classed as basic science, as will be 
shown presently. 

So much has been written recently regarding 
the importance of sociological and humanistic 
studies to engineers that I shall merely record 
agreement with those who attach high importance 
fo them. In our curriculum the time allotted is 
17%, and this must include English, history, eco- 
nomics and a number of elective subjects such as 
labor relations, fine arts, international relations, or 
history of ideas. 

Instruction by members of other engineering 
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faculties includes graphics, statics, and dynamics, 
strength of materials, heat measurements, machine 
tool laboratory, and the fundamentals of electrical 
engineering. The remaining 32% of the program 
is available for metallurgical subjects and electives. 


Metallurgical Engineering 


Let us now discuss briefly the main subdivi- 
sions in the left-hand column of the Outline. 

Mineral dressing is the preparation from the 
ore, as it comes from the mine, of concentrates 
suitable for smelling or other processes of metal 
production. It includes such unit operations as 
crushing, grinding, conveying, flotation, and the 
separation of minerals by magnetic and gravita- 
tional methods as well as by their aerodynamic or 
hydrodynamic behavior. As generally taught from 
the standpoint of basic principles and unit opera- 
tions, it certainly warrants a semester course in 
any metallurgy curriculum. Laboratory work may 
include the quantitative study of such operations 
as comminution, classification, magnetic separa- 
tion, flotation, filtration and an introduction to the 
microscopy of ores and the surface chemistry of 
minerals. One of the dominant thoughts in shap- 








ing our present curriculum was the 
recognition of mineral enginecring 
as a field of sufficient importance in 
many geographical regions to war- 
rant a curriculum of its own. The 
one-term course mentioned serves as 
an introduction to the field for both 
metallurgical and mineral engineer- 
ing students. 

Process Metallurgy —— Instruction 
in process metallurgy has undergone 
considerable development and _ its 
importance warrants further careful 
planning of courses. The older type 
of descriptive course began with the ore and 
described with the aid of drawings and photo- 
graphs the equipment and processes used all along 
the line to produce an ingot or slab of usable metal. 
Such courses have been superseded by more quan- 
titative ones having the emphasis on principles and 
accompanied by problems. 

There has never been a sound reason for 
separate elementary courses in ferrous and non- 
ferrous metallurgy, nor have there been profitable 
results from such separation. What is needed is 
a straight-forward engineering approach to the 
problems of metal production, and the model for 
this approach is already available in the field of 
chemical engineering. 

Most methods used in the production of met- 
als can be analyzed in terms of a small number of 
unit processes. Moreover, these are based upon 
certain principles which are more or less common 
to all processes, chemical and metallurgical. The 
curriculum must rely upon courses in physics, 
physical chemistry and thermodynamics for most 
of the scientific principles involved; the engineer- 
ing principles must be taught as a part of process 
metallurgy. This will include such subjects as 
stoichiometry, heat balances, fuels and combustion, 
flow of fluids and flow of heat, refractories and 
furnaces, and instrumentation. The approach to 
these principles must be quantitative, with the 
solution of problems playing an important part in 
the educational process. In our curriculum this 
course in principles comes in the second half of 
the junior year. 

Some of the unit processes of metallurgy may 
be mentioned for illustration, without attempting 
a complete listing. These include gas-solid reac- 
tions, such as those occurring in roasting or reduc- 
tion and blast furnace smelting; gas-liquid 
reactions as in converting; electrolysis as in refin- 
ing. These processes as well as the principles 
underlying them form suitable subjects for lab- 
oratory study. For this purpose small equipment 
designed to illustrate principles and to make quan- 


titative measurement is preferable to 
large and more expensive apparatus 
designed in imitation of plant equip- 
ment. In our curriculum the labo. 
ratory work accompanies the study 
of unit processes in the first half of 
the senior year. It follows junior 
courses in physical chemistry and 
in the principles of metallurgical 
engineering. 
In registering opposition to 
“descriptive” courses I do not wish 
to imply that process metallurgy 
courses should be entirely devoid of 
description. The student needs a framework upon 
which to fasten his knowledge of unit processes. 
He needs specific examples to which he may apply 
the principles he is studying. It is the emphasis 
which is important; so long as the emphasis is on 
fundamental principles and their quantitative 
application to metallurgy the amount and choice 
of supporting descriptive material can be deter- 
mined on the basis of local interest or individual 
preference. In this matter summer employment 
in industry is of very real value to the student, 
as well as guided visits to metallurgical plants 
during the junior and senior years. 

As a final course in process metallurgy we 
are planning a study of flow sheets, integrated 
plants and operating problems. This should afford 
opportunity for the teacher to assist the student 
in bringing to focus the various elements he has 
been studying separately and, we may hope, will 
lead in the direction of development of judgment. 

Metal processing lends itself so well to lab- 
oratory instruction that there is always danger of 
lapsing into a shop course. The techniques of 
forming metals into useful shapes are very inter- 
esting to the student and hold his attention. To 
ram a green-sand mold and produce a nice casting 
in it, to weld two pieces together and find that the 
weld is strong, gives a feeling of mastery over the 
metal which is full compensation for the hours 
spent in developing the skill. But development 
of skill cannot be even a secondary objective, 
although it will be a valuable byproduct for many 
students. Instruction in this field as in others 
must emphasize principles. It should preferably 
come when the student is also studying physical 
metallurgy and has had at least a semester of this 
subject; he can then be expected to examine metal- 
lographically the product of his handiwork and to 
acquire an appreciation for the metallurgical 
requirements and limitations inherent in the vati- 
ous methods of fabrication. 

Application Metallurgy — As the fourth phase 
of metallurgical engineering we have the task of 
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utting the right metal in the right spot. This 
calls ‘orth from the metallurgist all that he has 
learned in other fields of study; he needs to have 
an understanding of how metals are made, of their 
constitution and properties, of how they may be 
formed and heat treated, and how they will behave 
in service. This introduces such subjects as fatigue 
and corrosion and wear; of machinability and 
weldability and drawability and a dozen other 
important characteristics. It points up the needs 
for better metals, for new alloys for special pur- 
poses, and is intimately concerned with the writ- 
ing of specifications and with the economics of 
metal selection. It embraces also that very impor- 
tant activity, quality control, which seeks to pre- 
vent metal failures in fabrication or in service and 
to make metals reliable engineering materials. 

Obviously, much of this knowledge comes 
only with years of experience. In preparation 
for this a course in applied physical metallurgy in 
the final term of the senior year gives the student 
an insight into the behavior of metals in service. 
Laboratory work includes practice in the recogni- 
tion of the metal by microscopic examination, and 
diagnosis of its condition and suitability for use. 
Examination of numerous specimens which have 
failed in service, deduction of the causes of failure 
and prescription for cure evoke a thorough review 
of past training and provide an introduction to one 
of the important professional activities of the 
metallurgist. 

The great importance of economics in metal- 
lurgical engineering is not displayed in the outline, 
nor is it evident in the curriculum established by 
us. In practice, of course, any field of engineer- 
ing is dominated by considerations of cost and 
service. Economics, production costs and quality, 
and the service life of metal structures are mat- 
ters which require more than casual mention at 
numerous points throughout the sequence of met- 
allurgical engineering courses. 


Metallurgical Science 


A large part of the field of metallurgy is 
applied physical chemistry. Two thirds of the 
chemical elements are metals and their behavior 
in the free or alloyed state is of primary impor- 
tance to the metallurgist. The many reactions 
involved in the reduction and refining of metals 
constitute an important part of chemical metal- 
lurgy. Corrosion plays a dominant role in the 
service behavior of many metals and its study 
‘particularly in relation to the structure of the 
metal) constitutes an important overlapping field 
of physical, chemical and metallurgical research. 
Chemical phenomena too numerous to mention 
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point to the dependence of metallurgy upon phys- 
ical chemistry. 

As far as the second item in the right-hand 
column of our Outline is concerned, it seems that 
each field of science or engineering has developed 
its own special system of teaching thermodynam- 
ics. For metallurgical students this can be pat- 
terned in part along the lines of chemical 
thermodynamics, with data and problems drawn 
from the metallurgical field. In addition, such 
physical phenomena as order-disorder in alloys, 
and transformations in the solid state, have made 
the teaching of thermodynamics a matter of some 
importance. The time for such a course is after 
a general course in physical chemistry. 

Physical metallurgy is the offspring of physical 
chemistry and the physics of the metallic state. 
It is based on an understanding of solid solutions, 
of phase changes, of diffusion and reactions in the 
solid state, of equilibrium as summarized in the 
phase rule, and of metastable states in heat 
treated alloys. Its techniques embrace microscopy, 
X-ray diffraction, dilatometry, thermal and mag- 
netic analysis, the measurement of physical prop- 
erties, and all the varied methods of metallography 
and heat treatment. 

The objective of the science is a complete 
understanding of the structure and properties of 
all metals and alloys. It is not sufficient to know 
what happens to an alloy under a given set of con- 
ditions. We must begin to formulate an answer 
as to why it happens; it is only in this way that 
we shall learn to predict the properties of new and 
untried combinations. Such studies obviously 
must be given a high place in any metallurgy 
curriculum, for they contain the scientific bases 
not only for the future progress of metallurgy as a 
science but also for the present important function 
of putting the right metal in the right spot for a 
given engineering purpose. At Massachusetts Insti- 
tute of Technology, instruction in physical metal- 
lurgy begins with the junior year. It includes 
metallographic laboratory work in which the stu- 
dent learns to use the microscope, to prepare his 
own metallographic specimens and photographs, 
to conduct heat treatments, to follow the course 
of the reactions in alloys and to interpret these in 
terms of structure and properties. He constructs 
a phase diagram from his own laboratory data, 
and learns to use such diagrams as guides to the 
heat treatment, structure and properties of alloys. 
He cold rolls a piece of brass progressively to a 
fraction of its original thickness, then anneals the 
resultant pieces, measuring hardness and tensile 
properties after each step; he records in photo- 
micrographs the successive changes in structure 
and relates these to the properties of the metal. 











In many such experiments he learns at first 
hand the principles underlying the behavior of 
metals and alloys. The instruction in this subject 
throughout the junior year partakes of the nature 
of a scientific course; engineering applications are 
reserved for the senior course in applied physical 
metallurgy. 

X-ray methods have become such an impor- 
tant part of both chemical and physical metal- 
lurgy that we have developed a separate one-term 
course for the first half of the senior year. Labo- 
ratory work uses as many kinds of equipment as 
are available, both for radiography and diffraction. 
The student learns to make radiographs and eval- 
uate them in terms of internal defects. Of greater 
importance, he learns to prepare samples of met- 
als and nonmetals for diffraction study, to obtain 
his own diffraction patterns, and to interpret these 
in terms of crystal structures, lattice parameters, 
residual strains, and orientation texture. 


Professional Elective Subjects 


In the courses that have been described in the 
foregoing paragraphs there has been little oppor- 
tunity for specialized or advanced study. Atten- 
tion has been devoted almost exclusively to 
gaining an understanding, rather than to impart- 
ing information. Such a curriculum is open to 
the charge of being too theoretical, a criticism 
which could be accepted as high praise. 

Some students will inevitably want specialized 
instruction in some field of applied metallurgy, 
and this can be met by elective subjects in the 
senior year. Electives need not all be on applied 
subjects nor indeed in metallurgy. Some of such 
courses include electrochemistry, steelmaking, 
mechanical metallurgy, corrosion, foundry engi- 
neering, welding, powder metallurgy, ceramics, 
the physics of metals (this last being almost a 
“required elective” for any student primarily 
interested in physical metallurgy). Many students 
elect courses oulside the field of metallurgy, fre- 
quently in the science departments, but occasion- 
ally also in the humanities and in business and 
engineering administration. The time allotted to 
elective subjects constitutes about one fourth of 
the total schedule in the senior year. 

Thesis — One of the very important features of 
a senior year is the writing of a thesis and the 
carrying out of a laboratory study on which the 
thesis is based. Much can be said in support of 
the educational advantages of such a properly 
directed undergraduate activity. It is rare that it 
will contribute substantially to scientific knowl- 
edge; its value lies almost entirely in the training 
and experience of the student. The fact that the 


answer is not known in advance adds zest to the 
enterprise and should afford a bond of common 
interest between student and instructor. The field 
of metallurgy abounds in suitable subjects for 
such theses, and occasionally the explorer is 
rewarded by a gem of new knowledge. 


Postgraduate Training 


It is not a purpose of this paper to discuss 
graduate work in metallurgy. (It should be 
remarked in passing that metallurgical research 
has become an exceedingly active field and that 
several graduate schools have fairly large enroll. 
ments in metallurgy.) For the great majority of 
graduates in metallurgy who do not continue for 
an advanced degree, further training must be 
obtained in the metallurgical industries after grad- 
uation. Many industries regularly conduct post- 
graduate training courses for their younger 
technical employees. Such courses can be made 
to fill a real need and to pay big dividends through 
improved efficiency and a broader understanding 
of the industry among its younger engineers, sales- 
men and executives. 

The modern scheme of engineering education 
is becoming more and more dependent upon such 
training, and both the universities and the indus- 
tries are according greater recognition to the 
responsibilities of the latter in the training of 
engineers. It is neither possible nor desirable to 
teach a student in college how to operate an open- 
hearth furnace or a strip mill or what alloy to 
specify for each part of an airplane. Such detailed 
knowledge must be acquired in industry. It is the 
function of undergraduate education to afford the 
man such preparation that he may profit from 
industrial experience and thus begin to develop the 
characteristics of maturity and sound judgment. 


{[Eptror’s Note — The Advisory Committee on 
Metallurgical Education of the American Society for 
Metals — of which Dr. Chipman is a member — has 
recently published a very altractive 96-page booklet 
“Your Career in the Metallurgical Profession”. !t 
is wrilten for the high*school senior. It attempts 
to answer such questions as: “What's metallurgy?” 
“What is the training required?” “Where is this 
training available?” “What are the pay-scales at the 
outset?” “What are the opportunities for advance- 
ment?” “How long does it take to get somewhere?” 

Distribution of several thousand copies has 
already been made to facully advisors in principal 
high schools and private schools throughout the 
United States and Canada, and to similar advisors 
in the 61 colleges which offer metallurgical courses. 
Any @ member can get a copy of the booklet for 4 
young man of his acquaintance who is contemplat- 
ing a metallurgical career (or who should be) by 
sending $1 to Society headquarters in Cleveland.) 
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By Fred Keller 
Chief of Metallography Division 


and Junius D. Edwards 
Assistant Director of Research 
Aluminum Research Laboratories 
New Kensington, Pa. 


It is important to know as much as possible 
about the films that form naturally on aluminum 
because the unusual corrosion and weathering 
resistance of the metal and its alloys undoubt- 
edly is closely related to this thin and often trans- 
parent coating. It presents an effective barrier to 


oxygen and water, and to many chemical solutions. 


HE formation of the natural oxide film on alu- 

minum was described in the first section of 
this paper on “Behavior of Oxide Films on Alumi- 
num” prepared for the International Conference 
on Surface Reactions in Pittsburgh in June. The 
film starts to form as soon as a fresh metallic sur- 
face is exposed; in moist air at ordinary tempera- 
tures it continues to grow for several days — even 
months. It is very thin; its thickness will vary 
from about 10 A up to 10 times that amount. At 
temperatures of about 600°C. (1110°F.) the film 
may reach 1000 A thick. The composilion of these 
films and their properties will now occupy our 
attention. 

Any such investigation presents many difficul- 
ties, particularly when these films are of the order 
of 100 A or less in thickness. There is, however, 
general agreement thal, as far as can be determined 
by X-ray and electron diffraction methods, the 
films formed in air indoors are generally amor- 
phous. These films have been generally referred 
to in this discussion as aluminum oxide. 

There are, however, certain crystalline forms 
in which aluminum oxide occurs and which can be 
identified by their X-ray patterns; the oxide is also 
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Composition and Properties of the 


Natural Oxide Film on Aluminum 


known in several hydrated forms. Table 
I presents a summary of some of the 
physical properties of these various 
forms of alumina and alumina hydrate. 
(The Greek letter designations of the 
hydrates are as used in Vol. I of “The 
Aluminum Industry”; other designa- 
tions have been used by some authors.) 

Gamma-alumina is an intermediate 
form of oxide produced by heating 
amorphous alumina or one of the 
hydrates at a temperature betwecn 500 
and 900° C. (930 and 1650° F.). Harring- 
ton and Nelson® report that they found 
evidence of it on thin films of aluminum 
made by the evaporation technique when 
these films were heated above 500°C. It 
has also been observed that anodic films 
formed on aluminum a: a potential of 
100 volts or higher contain gamma- 
alumina which can be detected by X-ray diffraction 
methods. Thus it appears that even at room 
temperature the alumina film under certain suit- 
able condilions tends to assume the crystalline 
form which identifies it as gamma-alumina. Alpha- 
alumina or corundum, however, is formed only in 
air at temperatures above 1000°C. (1830° F.). 

In the table, two hydrated forms of alumina 
are listed. Each of these may occur in two dilffer- 
ent crystalline forms, alpha and beta. 

While the air-formed film on aluminum is gen- 
erally amorphous alumina (or somelimes gamma- 
alumina when heated to a high enough temperature), 
the film formed on aluminum afler extended expo- 
sure to the ouldoors atmosphere is also generally 
amorphous. When aluminum stands in water the 
corrosion product is usually beta-trihydralte, 
although when the water is held at a lemperature 
of 70 to 100°C. the alpha-monohydrale tends to 
form on the metal. 

It has been known for some time that anodic 





**An Electron Diffraction Siudy of Anodic Films”, 
by R. A. Harrington and H. R. Nelson. Transactions, 
American Institute of Mining and Metallurgical Engi- 
neers, V. 137, 1940, p. 62. 
















coatings treated with hot water at 80°C. or higher 
contain alumina alpha-monohydrate. Harrington® 
showed that sheet aluminum, not anodized, acquired 
a film of alpha-monohydrate when heated in water 
at 80°C. or higher, but not when heated at 60°C. 
Hydrated aluminas, heated sufficiently to drive off 
combined water, acquire a porous structure which 
greatly increases their adsorptive capacity. 


Gas Adsorption by Oxide Film 


The natural oxide film formed indoors has an 
appreciable adsorptive capacity, especially with 
regard to water vapor. When exposed to the 
weather, substantially thicker and more adsorptive 
films may be formed. This is being recognized 
generally and references to this characteristic 
appear in the literature. Thus, the presence or 
absence of adsorbed substances must be taken into 
account in any investigation because of their effects 
on the behavior of these oxide films. 

The matter of gas adsorption by aluminum 
oxide films was investigated by one of us at 
Aluminum Research Laboratories about 25 years 
ago. In this early investigation (unpublished), 
samples of cast and wrought aluminum that had 
been exposed indoors were heated in a current of 
dry nitrogen and the liberated water vapor and 
carbon dioxide were determined gravimetrically 
after adsorption in suitable reagents. The hydro- 
gen that was evolved was burned to water and 
determined in the same manner. These amounts 
of gas were too small to attach much quantitative 
significance to the results, but the various experi- 
ments showed a consistent trend and warranted the 
following conclusions: 

The principal gas adsorbed by the oxide film 
was water vapor. When the samples were heated 
below 300°C. (575°F.), a major portion of the 
water was liberated as such. At temperatures above 
300° C., however, the water vapor appeared to be 
more firmly held and a greater portion reacted with 
the aluminum to form aluminum oxide and hydro- 


gen. Only small amounts of carbon dioxide were 
found in the evolved gas. 

Using more sensitive techniques for gas collec. 
tion and analysis, P. T. Stroup further explored 
this field later in the same laboratories. In his 
experiments, the test pieces were sealed in a Pyrex 
glass tube evacuated to 0.01 to 0.1 mm. of mercury, 
and allowed to stand for 30 min. to insure absence 
of leaks. Then the samples were heated in an 
induction furnace. The water vapor evolved was 
condensed in a U-tube cooled by a mixture of solid 
carbon dioxide and ether. Other gases were col- 
lected with a Topler pump and were analyzed by 
microanalytical techniques. The amount of water 
was determined by subliming it into a calibrated 
capillary tube. The metal finally reached a tem- 
perature of about 600°C. (1110° F.). 

By blank determinations, it was found that 
small but somewhat variable amounts of water 
were liberated from the Pyrex glass tube. Some 
of this water might also have reacted with the 
aluminum to form some of the hydrogen. Because 
of the indeterminate nature of the blank, however, 
no correction was made to the observed amounts 
of liberated water and gas. It is not felt that 
particular significance should be attached to 
measured amounts of water plus hydrogen of less 
than 2.0 ml. per 1000 sq.cm. of surface. 

The results of some of these experiments on 
aluminum rod exposed to the weather for 10 months 
are given in Table II. These data, as well as those 
of other similar tests, show significantly that water 
vapor is liberated by the oxide coating at all 
temperatures from 70°F. up to or close to the 
melting point of aluminum. More important, how- 
ever, is the fact that the major portion of the water 
which is liberated as such comes off at temperatures 
below about 300°C. (575° F.). At higher tempera- 
tures the proportion of hydrogen to water vapor is 
greatly increased. This indicates that part of the 
water is more firmly held (combined as the tri- 
hydrate) and there is a greater tendency for the 
water vapor to react with the metal to form 


Table I — Crystal Structure and Density of the Various Forms of Alumina and Alumina Hydrates 





MINERAL LATTICE CONSTANT 


NAME 





CRYSTAL — 
STRUCTURE =| Rerractive INpices | DENSITY 
5 A Cc 


ALUMINA ForRM FORMULA 





Alpha-alumina* 

Gamma-alumina 20, 
Alpha-monohydrate | « Al,O,-H,O 
Beta-monohydrate | 8Al,0,-H,O 


Hexagonal 6.98 |«—1.760 w=—1.768} 4.0 
n = 1.696 | 3.4 
=B=7= 1.624 | 3.0 
1.702 8=1.722 3.4 
y = 1.750 
Monoclinic 5. 9.69 |2—1.566 8 = 1.566 2.42 
| | v = 1.857 
8Al,0,-3H,0 | “Bayerite” _ 


a Al,0O, Corundum 

7yAl,O, — Cubic 7.9 = 
Béhmite Orthorhombic | 3.78 2.85 a 

Diaspore Orthorhombic | 4.43 2.82 |ja= 














Alpha-trihydrate a Al,O,:3H,0 | Gibbsite 











Beta-trihydrate 











*Melting point about 2030° C. (3685° F.). 
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hydrogen at the higher temperatures. In the par- 
ticular series of tests summarized in Table II, 
heating was not carried beyond 600°C. (1110° F.) 
but in a similar series of tests a further evolution 
of gas was noted on heating the metal to the melt- 


ing point. 


Protection by Oxide Films 


From the viewpoint of oxidation and corrosion, 
the reactions of metallic aluminum with oxygen 
and water are of the greatest importance. Under 
many conditions, these reactions are self-stopping 
because an impervious oxide film is present or 
forms on the aluminum; thus, many reactions with 
metallic aluminum proceed only to a limited degree. 
At elevated temperatures, or in the presence of 
reagents which attack the oxide film, the reactions 
will proceed further and more rapidly. 

With oxidizing reagents or under oxidizing 
conditions, the film tends to remain intact and the 
reaction rale is low. The principal reason why the 
oxide film offers such effective protection is that it 
is relatively insoluble in the corrosive media gen- 
erally encountered. In fact, aluminum and its oxide 
are relatively stable in weakly acid solutions. 
One liter of water will dissolve only about 1 mg. 
of Al,O, (0.5 mg. of aluminum) at a temperature 
of 18°C. In strong acid solutions, and more par- 
ticularly in alkaline solutions, the oxide film and 
the metal are attacked more readily. 


Table Il — Water and Gas 
Liberated From Aluminum Rod! 


(P. T. Stroup, Aluminum Research Laboratories) 

















Gas EVOLVED ON HEATING 
Test | PREHEATING? | in Vacuum To 600° C.3 
IN Dry AIR —_—— : ss 
| Water VApor | Gas* 

No. 1 | None | 69 68 

2) 2hr. at 165°C. | 24 41 

3| 2hr. at 260°C. | 20 33 

4 | 3hr. at 360°C. 3.5 15 

5| 4hr.at 455°C. | 19 | 9.8 

6| 3hr.at 465°C. | 1.0 | 10.6 

7 | 12 min. at 500°C. | 1.5 7.0 

8 | 26 min. at 500° C. Trs | 3.8 





‘Extruded 2-in. rod (99.3% Al), exposed outdoors 
10 months before testing. Samples were short lengths 
with surface area of about 196 sq.cm. 

2Period of preheating in current of dry air before 
heating in vacuo to collect gas. 

5Gas evolved on subsequent heating in vacuo to 
about 600°C. (1110°F). Units represent milliliters 
under standard pressure and temperature (760 mm., 
°C.) per 1000 sq.cm. of aluminum surface. 

‘Hydrogen, carbon dioxide, carbon monoxide and 
traces of sulphur-containing gases. 
‘Some, but not enough to measure. 


August, 1948; Page 197 


McKee and Brown’ state that the resistance 
of aluminum to corrosion is influenced to an appre- 
ciable extent by the particular form of oxide film 
that is present on an aluminum surface and by 
the solubility of the corrosion products that are 
formed. In their experiments, aluminum sheet 
(Alloy 2S-H14) showed a weight loss of only about 
0.02 mg. per sq.cm. per day when immersed in 
dilute solutions of mineral acids having a pH of 
4.5 or higher. They show that the rate of attack, 
however, is influenced by the specific anion or 
cation present in the corrosive mediums. In gen- 
eral, the oxide film on aluminum sheet is resistant 
to attack in weakly acid solutions, but is signifi- 
cantly attacked in solutions of sodium hydroxide 
or sodium carbonates having a pH above about 8.5. 

It is a well-known fact that very high-purity 
aluminum (99.95% Al) is more resistant in many 
corrosive environments than commercially pure 
aluminum (99.0% Al) or any of the various alumi- 
num alloys. This is attributed to the fact that on 
the very high-purity material the oxide film is 
much more continuous and does not contain other 
oxidation products from the various alloying ele- 
ments that are present in solid solution or as inter- 
metallic compounds. 

To illustrate the difference in continuity and 
structure, micrographs of thin sections of oxide 
coatings formed by electrolytic oxidation in a 
sulphuric acid electrolyte are shown in Fig. 5 and 
6, reproduced from a paper by the present authors 
entitled “The Structure of Anodic Oxide Coatings” 
in Transactions A.1.M.E., Institute of Metals Divi- 
sion, V. 156, 1944, p. 288. The oxide coating illus- 
trated by Fig. 5 was formed on a sample of 
high-purity aluminum sheet (99.95% Al) and is 
continuous and very transparent. It consists prin- 
cipally of Al,O,, as the metal contained only very 
small amounts of alloying elements (less than 
0.05%). For comparison, an oxide coating formed 
on 2S-O sheet (99.2% Al, balance Fe, Si and Cu) 
is shown by Fig. 6. Owing to the numerous par- 
ticles of a(Al-Fe-Si) and (Al-Fe) constituents that 
are normally present in this alloy, the coating is 
less continuous and protective, as it contains 
oxidation products of the elements in solid solution 
as well as oxides from the various intermetallic 
compounds that are present as microconstituents. 

The features that are shown in these micro- 
graphs apply to the natural oxide films that form 
on aluminum and its alloys, and in part explain 
why different alloys vary in their resistance to 
weathering. 


10“Resistance of Aluminum to Corrosion in Solu- 
tions Containing Various Anions and Cations”, by A. B. 
McKee and R. H. Brown. Corrosion, V. 3, Dec. 1947, 
p. 5. 





The protectiveness of the oxide film on com- 
mercial alloys is modified by the electrochemical 
characteristics of the constituents and occluded 
substances that interrupt the continuity of the 
natural oxide or artificial films. Some of these 
constituents may be anodic to the aluminum; 
others may be cathodic. When such conditions 
prevail, local cells are formed which lead to local 
galvanic action in the presence of an electrolyte. 
When such potentials exist, anodic solution may 
occur and the metal will dissolve beneath the oxide 
film; the film may flake off or be pushed off by 
corrosion products that form beneath it. 

The films that form on aluminum alloys during 
annealing and heat treatment are more protective 
for several reasons: In the first place, they are 
considerably thicker than the film formed at normal 
temperatures. Secondly, the films formed at 
elevated temperatures are inherently more resistant 
to corrosion or chemical attack — films produced 
during heat treatment, as well as anodic oxide 
films, are much more difficult to strip than those 
which have not been heated. 

An interesting example of the relative insolu- 
bility of an aluminum oxide film produced by 
thermal treatment was obtained by R. H. Brown 
in the course of some experiments in Aluminum 
Research Laboratories to determine the resistance 
of high-purity aluminum (99.95%) to strong hydro- 
chloric acid solutions. In making the specimens 
for these experiments, he heat treated some of the 
high-purity aluminum sheet samples for 30 min. 
at 625° C. (1150° F.), and then slowly cooled them 
to room temperature. The specimens were then 
subjected to corrosion in a 25% hydrochloric acid 
solution. The condition of a specimen after two 
days is shown by Fig. 7. The interesting features 
of this photograph are the flakes of oxide film that 
separated from the specimen. Apparently this film 
was relatively stable even in the 25% hydrochloric 
acid solution and, because of its insolubility, Brown 
found it expedient to remove the heavy film formed 
during heat treatment by machining in order to 
observe the effects of the hydrochloric acid solution 
on the high-purity aluminum. 


Removal of Oxide From Aluminum 


Frequently it is necessary or desirable to 
remove the existing natural oxide film on various 
products and replace it with a film that is thinner, 
more uniform, or that has other specific properties. 
This is particularly true, for example, in the clean- 
ing of aluminum alloys for spot welding, where 
a surface with low and uniform resistance is 
required. It is also important in the preparation 
of test specimens for the determination of the 


F 


Fig. 5 — Thin Section of Oxide Film From Anod- 
ically Coated Sample of High-Purity Alu- 
minum Sheet (99.95% Al). 500X. Note the 
transparency of the film (by transmitted light) 
and relative absence of occluded constituents 


relative resistance to corrosion of various types of 
aluminum products. (From what has been said 
in the first part of this paper, it is obvious that 
it is impossible to prepare and maintain an alu- 
minum surface free from an oxide film in any 
atmosphere containing oxygen or water.) 

An old oxide film can be removed mechanically 
by machining or by abrasion, but a new film 
instantly starts to form. If this new film is to be 
kept to a minimum thickness, as little heat as 
possible should be developed during the operation. 
No lubricant should be employed, as it will be 
adsorbed by the newly formed oxide film and 
resist solvents. Even the solvent may be adsorbed! 

There are acid and alkaline solutions which 
are effective in removing oxide, but after rinsing 
and drying the parts will sti have an oxide film 
which re-formed during the treatment. The new 
film, however, may have more desirable properties 
for some specific application. The case just men- 
tioned of securing low and uniform electrical 
resistance is an interesting example. Hess, Wyant 
and Averbach!! have investigated a variety of 


11“The Surface Treatment of Alclad 24S-T Prior 
to Spot Welding”, and “The Surface Treatment at 
Room Temperature of Aluminum Alloys for Spot 
Welding”, by W. F. Hess, R. A. Wyant and B. L. 
Averbach, Journal of the American Welding Socicty, 
Research Supplement, V. 9, 1944, p. 402 and 417, 
respectively. 
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cleaning procedures and have tested the resulting 
surfaces by measuring the resistance between two 
pieces when held together under a high standard 
pressure. Results with Alclad 24S-T4 sheet showed 
that an initial test-resistance of 1000 microhms or 
over could be reduced to 10 microhms or less by 
the best of the acid treatments investigated. 








Fig. 9 — Thin Section of Oxide Film From Anodically 
Coated Sample of Commercial Aluminum Sheet (99.2% 
Al). Photographed at 500X by transmitted light. The 
oxide film is translucent from the occluded oxidation 
products of alloying elements and constituent particles 


The characteristics of the oxide coating on the 
sheet have an important effect on the time required 
to remove it. The oxide film on sheet heat treated 
in air appeared to dissolve more readily than that 
on sheet heated in molten nitrate. Generally speak- 
ing, when the oxide film was removed by an 
aqueous reagent, the resistance of the film which 
eventually re-formed was substantially higher than 
when the film was removed mechanically by 
wire brushing. The resistance of the new film, 
moreover, was affected in an important way by 
the solution employed — which would indicate that 
some of the reagents employed were adsorbed in 
the new film, incompletely removed by washing, 
and thereafter influenced the rate of film formation. 

Some recent work by Durkin‘? on the removal 
of surface oxide from aluminum also shows that 


‘Surface Oxide Removal Important in Final 
Processing of Aluminum”, by D. E. Durkin. Materials 
and Methods, V. 27, No. 4, 1948, p. 82. 


the type of solution and the time of treatment have 
an important bearing on obtaining a low and 
uniform surface resistance, and on the extent and 
rate of formation of a new film which would tend 
to increase the surface resistance. 


Mechanism of Film Formation 


The unique characteristics of natural oxide 
films on aluminum have led to much speculation 
as to the mechanism of their growth. The detailed 





Fig. 7— Large Flakes of Oxide Film Peeling 
From High-Purity (99.95% Al) Aluminum Sheet 
After Two Days in a 25% Hydrochloric Acid Solu- 
tion. The film, formed during heating at 625°C.., 


appears to be relatively insoluble. (R. H. Brown) 
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treatment of this aspect of film formation, how- 
ever, is beyond the scope of this paper and will 
be mentioned only briefly. 

From the available evidence, it would appear 
that the films which form on pure aluminum in 
dry oxygen or dry air are of a type we have called 
the “barrier layer” —an impermeable film which 
has grown to a thickness just sufficient to prevent 
the transfer of ions necessary to sustain further 
growth. The thickness is a function of the tem- 
perature (and perhaps of other factors). Water 
or water vapor plays an important part in the 
continued growth of oxide films on aluminum; 
under favorable conditions the film may continue 
to grow to a thickness substantially greater than 
that of the barrier layer. 

This would be explained on the basis of 
changes taking place in the outer layer of the film 
which, in effect, increase its porosity or permeabil- 
ity to oxygen or water vapor. These changes might 
result from adsorption of water vapor and hydra- 
tion of the film. At the base of this thick oxide 
film, however, there would always be a barrier 
layer of equilibrium thickness. 

The formation of a natural barrier layer of 
oxide is considered analogous to that of the dielec- 
tric film on aluminum for electrolytic condensers. 
Such dielectric films are formed by electrolytic 
oxidation in certain electrolytes in which the oxide 
that forms is virtually insoluble. These films grow 
quickly to an equilibrium thickness for each for- 
mation voltage, effectively blocking further passage 
of appreciable current; no significant increase in 
thickness can be obtained unless the voltage is 
increased. Thus, it seems that the thickness of a 
film of this type is limited by the ability of ions 
and electrons to pass through the barrier layer 
film, and as its thickness increases, more energy is 
required for the transfer. 

T. P. Hoar and L. E. Price as well as N. F. 
Mott!® have theorized on the mechanism of film 
formation. Mott believes the formation of a thin 
protective oxide film on aluminum can be explained 
on the basis of two assumptions: (a) that positive 
metal ions can leave the metal and diffuse through 
the oxide to combine with oxygen at the oxide-air 
interface to form new oxide, provided electrons 
can also pass from the metal to the free surface; 
(b) that electrons can get through the oxide layer 
either by thermionic emission into the conduction 
levels of the oxide, or by the quantum-mechanical 


13*The Electrochemical Interpretation of Wagner’s 
Theory of Tarnishing Reactions”, by T. P. Hoar and 
L. E. Price; Transactions of the Faraday Society, V. 34, 
1938, p. 867. “Theory of the Formation of Protective 
Oxide Films on Metals—II”, by N. F. Mott; Transactions 
of the Faraday Society, V. 36, 1940, p. 472. 


tunnel effect. More recently he has proposeg 
another hypothesis in which he assumes that jf 
oxygen is adsorbed on the surface of the oxide and 
oxygen ions are formed, a strong electrical! fielq 
will be set up in the oxide, saying that migration 
of ions can take place under the effect of these 
fields. Mott is not certain which of the mechanisms 
he proposed for limiting film growth is valid, and 
states that possibly both may be operative in certain 
temperature ranges. 

Cabrera, Terrien and Hamon,"* in describing 
the resulis of their research on the oxidation of 
aluminum in a dry atmosphere, comment on the 
various mechanisms suggested by Mott. Their 
results indicate that the thin oxide oxide films are 
formed by the diffusion of Al*** ions. 

The exact mechanism by which the barrier- 
layer oxide film is formed, as well as many phe- 
nomena observed in the formation of oxide films 
on aluminum, will undoubtedly continue to offer 
an interesting field of research for a long time 
to come. 


Summary 


In summary, it may be said that the natural 
oxide film on aluminum is amorphous, as far as 
can be determined by X-ray and electron diffrac- 
tion techniques. However, at a high enough tem- 
perature it can be converted to gamma-alumina 
and, on exposure to weather, some hydration 
occasionally occurs. 

As to normal behavior, the natural and weath- 
ered films are adsorptive, particularly with respect 
to water vapor. Upon heating, water vapor, hydro- 
gen, and small amounts of carbon dioxide are 
liberated. Most of the water vapor is liberated as 
such below 300°C. (575° F.), and at higher tem- 
peratures larger proportions of hydrogen and other 
gases come off. 

The protective action of the film depends to a 
large extent upon its continuity and its rate of 
dissolution in the media to which it is exposed 
Continuity of the film is fundamentally affected by 
the alloying constituents in the basis metal, and 
by the oxidation products thereof which may exist 
in the film. Rate of dissolution of the film is 
influenced by thermal treatments the oxide may 
previously have received. 

An old film can be removed by mechanical 
means or by solution with chemical reagents. The 
properties of the new film, which forms at once, 
are influenced by the method used for removing 
the old film of oxide. fs] 

14“On the Oxidation of Aluminum in a Dry Atmos 


phere”, by N. Cabrera, J. Terrien and J, Hamon. 
Comptes rendus, V. 224, 1947, p. 1558. 
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“ HERE’S WHAT YOU CAN DO TO HELP 
fler RELIEVE THE SCRAP SHORTAGE 

ime 

he Put some one individual in charge of scrap in all departments of 

your business and GIVE HIM AUTHORITY TO ACT. 
ral , I Comb the plant and yards for dormant scrap, abandoned equip- 
“6 ment, old boilers, pipe, moulds, obsolete dies and parts, material now 
ac- 
wasting away which has salvage value. 

m- 

ina Survey all plant equipment, particularly idle stand-by or discarded 

ion machines, with a view to scrapping all not convertible to useful pro- 
duction. 

ih. Consult your scrap dealer for advice on types, grades and sizes. 

ect 

rO- — ; ° 

is 3. Segregate each class of scrap and supervise its handling to avoid 

os contamination. This will increase its value. Identify, classify and pro- 

m- vide separate containers, clearly marked, for each class of scrap mate- 

er rial. 

Dismantle discarded equipment promptly into its components—elec- 
ie trical, fastenings, lumber, etc.—so that these parts may be utilized or 
: scrapped. 
by Sort sweepings and miscellaneous waste to recover scrap values. 
nd 
ist 4. Constant reminders in the form of posters, illustrations of right 
is and wrong methods, pay envelope enclosures, house organ publicity, 
AY etc., are potent aids to the scrap recovery program. 
al 
he 
- MORE SCRAP —-MORE STEEL 
ig Move your scrap to the mills 
* >EMBLEM OF | SERVICE < 

7 Sell it...ship it...move it now! 
S- TRADE waen 
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“Current Theories of the 


Hardening of Steel’’—50 Years Later 


By J. B. Austin 
Director of Research 
U. S. Steel Corp. 
Kearny, N. J. 


For the subject of the 1948 Sauveur Memorial 
Lecture of the Boston Chapter, A.S.M., J. B. 
Austin revived a title twice used by Professor 
Sauveur. The article presented here is based on 
the lecture, and brings up to date the ever-current 
topic of the theory of the hardening of steel. Aside 
from the importance of Dr. Austin’s paper as a 
contribution to current metallurgical literature, 
publication in Metal Progress is timely since 
it may remind readers of the forthcoming dedica- 
tion of the Sauveur Memorial Room in A.S.M. 


tincture of iodine as etching agents, and 
the utility of polishing in relief without 
the use of etching agents. The reader is 
also warned that: “A magnification of at 
least 300 diameters is required to resolve 
the structure of pearlyte.” This appears 
to have been close to the limit of the 
equipment then available, which explains 
much of the difficulty that the early 
metallographers experienced in identify- 
ing microstructures. 

The second .part dealt with current 
theories of hardening steel and attempted 
to decide between the two chief views 
then popular, each of which, in the sub- 
sequent discussion, was defended vio- 
lently by its adherents. Both theories 





headquarters in Cleveland on Aug. 19. 


| 1896 Albert Sauveur presented before the 
American Institute of Mining Engineers a stim- 
ulating paper entitled “The Microstructure of 
Steel and the Current Theories of Hardening”, 
which was recognized as a pioneer contribution to 
metallography and which touched off a debate on 
theories of hardening steel that continues even 
today. It brought out discussion from such men 
as Ledebur, Hadfield, Arnold, Roberts-Austen, 
Campbell, Osmond, and Howe, whose comments, 
together with Sauveur’s reply, filled 100 printed 
pages in the Transactions of the Institute. 
_ The first section of this paper described many 
interesting details of the metallographic art as it 
was then practiced. Among other topics were the 
advantages of concentrated nitric acid and of 


; ‘Transactions of the American Institute of Mining 
Engineers, V. 26, 1896, p. 863. Discussion in V. 27, 
1897, p. 846. 


agreed that quenching preserved to room 
temperature a special structure that was 
assumed to be stable at red heat but 
unstable at a lower temperature. They 
differed, however, in the nature of this special 
structure, or condition. 

The carbon theory held that on heating steel 
above a critical: temperature, which sometimes 
seems to have been taken as that of the magnetic 
inversion, carbon passed from its normal condition 
as “cement carbon” to a special form called “hard- 
ening carbon”, which was unstable below that 
temperature, tending to pass back to “cement 
carbon” on slow cooling. When preserved by sud- 
den cooling, however, it resulted in hardened steel. 

The contrary view held that the action of 
carbon was only indirect, that above the critical 
range iron passed spontaneously into a strong, 
hard, brittle, allotropic state called beta iron, 
which was unstable at lower temperature, but 
which transformed slowly so that it could be pre- 
served by quenching. 

Although Sauveur was accused of favoring the 
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allotropic theory, he seems to have attempted to be 
impartial, an attitude that led him to define mar- 
tensite as “the constituent of steel which exists 
at a high temperature, and being retained by sud- 
den cooling confers hardness upon quenched 
steel”. 


An Appraisal (in Retrospect) 


When read today these discussions seem 
archaic and at times naive. They remind us of the 
blind men examining the elephant; each based his 
opinion on observations over a very limited range 
and each arrived at a conclusion containing ele- 
ments of truth but short of the whole truth, which 
was eventually revealed by combining the several 
diverging views. 

Yet one should not yield to the easy tempta- 
tion of ridiculing this apparent naiveté. In the 
first place, I venture to suggest that we today are 
in many respects as unsophisticated as were these 
early pioneers and that 50 years from now many 
of our current debates will appear no less artless. 
In the second place, to do so would grossly under- 
value the contributions made by these early inves- 
tigators. I sometimes fear that many of us fail to 
realize how close they came to many of our 
modern views, which they failed to achieve only 
because they lacked proper instruments or because 
their views were too advanced to gain recognition. 

Two examples will serve to illustrate this 
point. The first is described by Professor Sauveur 
in his delightful pamphlet “Metallurgical 
Reminiscences”. 

In 1896 my microscopical work was temporar- 
ily interrupted because of the discovery of X-rays 
by Roentgen in the latter part of 1895. In January 
1896 — that is, a very few months later — at the sug- 
gestion of W. R. Walker, experiments were under- 
taken to ascertain whether by the use of such rays 
internal defects in steel could not be detected. My 
outfit consisted of a “Crookes” tube, an induction 
coil and a storage battery. Obviously, with such 
crude appliances, the rays we were able to generate 
failed to penetrate even the thinnest steel sheets. 
Our experiments, however, attracted enough public 
attention to warrant first-page reports in the news- 
papers of the day and for a while we enjoyed 
intense publicity. I believe it can be claimed that 
we were probably the very first to enter the field 
of radiography. 

Failing to obtain results with steel, I turned 
my attention to a substance less resistant to pene- 
tration, namely, the hand of my assistant, W. C. 
Post, and obtained a very satisfactory picture. I 
have a vivid recollection of the thrill I experienced 
when the bone structure of Post’s hand flashed into 
view in the developing tray. 


The second example, which has been called 
to my attention by J. R. Vilella, also concerns Pro- 


fessor Sauveur. In the first edition of “The 
Metallography of Iron and Steel”, in the discys- 
sion of the thermal critical points of steel, there 
appears the following paragraph: 


LeChatelier rightly reminds us that the speed 
of the transformations occurring at the critical 
points of steel follows the general laws which 
govern the speed of all chemical phenomena. In 
other words, that the speed of the transformation is 
the greater (1) the higher the absolute temperature 
and (2) the wider the range between the actual 
temperature and the temperature of equilibrium, 
that is, the temperature at which the transformation 
is due. Above the critical temperature both influ- 
ences act in the same direction and the speed of 
transformation increases without limit. Below the 
critical temperature these influences act in opposite 
directions necessarily giving rise to the existence 
of a maximum speed. According to LeChatelier 
this notion of variable speeds of transformation 
accounts for all the peculiarities of the hardening 
treatment. On heating it is hardly possible to raise 
the temperature of transformation more than 100° C. 
through very rapid heating, while during cooling 
the speed reaches its maximum at about 600° C., is 
very feeble below 200, and nearly null at atmos- 
pheric temperature. 


I should like to direct your attention particu- 
larly to the last sentence (the italics are mine 
because it describes succinctly the most significant 
feature of isothermal transformation processes in 
steel. This statement must have attracted but 
little attention, for it was deleted from later edi- 
tions of this work; yet it serves to demonstrate 
the lines along which metallurgical leaders were 
thinking at the beginning of the century and to 
show how close they came to our modern concepts. 

This last example leads me to wonder whether 
today metallurgists are not paying overmuch 
attention to gadgetry, to the neglect of developing 
the vision and the precision of thought which char- 
acterized these early investigators. 


Sauveur's Questionnaire of 1926 


In 1926 Professor Sauveur decided to review 
the subject of theories of hardening and he circu- 
lated among a group of 29 illustrious metallurgists 
a questionnaire containing the following: 


1. What in your opinion is the nature of mar- 
tensite and what causes its hardness? é 

2. What are the conditions necessary for is 
formation and the mechanism of that formation? 

3. If you believe it to be a solid solution of iron 
and carbon or of iron and the carbide Fe,C, what 
position do you think the carbon atoms or the carbide 
molecules occupy in the space lattice of the cr) stals? 

4. What part, if any, do you think that strains 
play in the hardening of steel? 


The replies to these questions were summa 
rized by Sauveur and were presented in a pape! 
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Fig. 1 — Nodular Fine Pearlite, Also Called Nodular 
Troostite, in Eutectoid Carbon Steel. 750. (Vilella) 


before the A.I.M.E. entitled “Current Theories of 
the Hardening of Steel Thirty Years Later”? The 
results indicated, as one might have expected, 
about as wide divergence of opinion as in 1896. 

They are described by Sauveur: “Comparing 
the situation today with that of thirty years ago 
as presented in my first paper, the only progress 
’) made toward a solution of the problem may, 
| believe, be thus summarized: (1) abandonment 
of the belief in the existence of beta iron; (2) 
X-ray analysis of iron-carbon alloys, by which it is 
shown that gamma iron has a face-centered space 
lattice, and alpha iron, as well as the iron present 
in martensite, a body-centered space lattice; and 
3) the belief expressed by some that the hardness 
of martensite might be caused primarily (a) by 
the presence of extremely small (submicroscopic) 
lerrite grains, or (b) by the distortion of the space 
lattices resulting from the presence of carbon 
atoms in enforced solid solution. This does not 
constitute a very material advance, if advance at 
all, seeing that it has also introduced additional 
controversial matter.” 

Having summarized the views of others, Pro- 
fessor Sauveur then stated his own, which differed 
im Many respects. They were in part: 


Austenite is a solid solution of carbon, prob- 
ably in the form of the carbide Fe,C, in gamma iron. 
lroostite is a solid solution of carbon, prob- 
ably in the form of the carbide Fe,C, in beta iron. 


| “Transactions of the American Institute of Mining 
and Metallurgical Engineers, V. 73, 1926, p. 859. 


Austenite always transforms 
into troostite regardless of the 
temperature at which the trans- 
formation takes place. 

Martensite is an aggregate of 
austenite and troostite, neces- 
sarily resulting from the grad- 
ual transformation of austenite 
into troostite. 

The hardness of martensite 
increases with its carbon con- 
tent because of the greater hard- 
ness of the troostite it contains, 
and possibly also because finer 
needles and finer grains result 
from the transformation of 
austenite containing much 
carbon. 


These quotations make 
it clear that Sauveur did not 
concur in many of the 
answers sent to him. 


Beta lron, Troostite, Sorbite 


As 22 years have elapsed 
since this paper was written, 
and 52 years have passed since the publication of 
the first paper, it seems fitting to review the sub- 
ject once more, in the light of present knowledge, 
to see how many of these controversies have been 
settled, how many remain, and what new questions 
have been raised. 

One question which has been settled beyond 





Fig. 2— A Nodule of the Pearlite in the 
Field of Fig. 1, Magnified to 2000 X. (Vilella) 
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doubt is that beta iron does not play any significant 
role in the hardening of steel. It is now well- 
established that beta iron is nothing more than 
alpha iron (body-centered cubic iron) that has lost 
its ferromagnetism. There is no discontinuous 
change in crystal structure in passing through the 
Curie temperature; consequently, there is no dis- 
continuous change in the solubility of carbon. 
Insofar as theories of hardening steel are con- 
cerned, one can therefore forget beta iron. 
Another matter that has been greatly clarified 
in the last 20 years is the nomenclature of micro- 
constituents in steel. In Sauveur’s 1926 paper one 
frequently encounters the terms “troostite” and 
“sorbite”, which are used but seldom today. In 


Fig. 3 (left) — Schematic 
Representation of the Structure 
(a) Electronic 
(6) Space model 


of Methane. 


formula. 


order to appreciate the significance 
of these terms it is necessary to 
remember that in 1926 isothermal 
transformation had not yet been 
investigated and many metallogra- 
phers believed with Sauveur that 
when austenite decomposed, it invar- 
iably transformed first to martensite, 
which, being unstable, could then 
transform to other structures during 
heating. The first of these, called “troostite”, was 
regarded not as a definite structure in itself but 
was defined rather loosely as “an uncoagulated 
conglomerate of transition stages”.* The term was 
also used to designate the dark-etching nodular 
constituent obtained by cooling steel at a rate just 
short of that required to make the steel completely 
martensitic. 

On further heating under appropriate condi- 
tions, troostite transformed into a structure called 
“sorbite”, which was described as “uncoagulated 

3Report of Committee 53 of the International 
Association for Testing Materials. See “The Metal- 
lography of Iron and Steel”, by A. Sauveur. 2nd edi- 
tion, 1920, p. 460. 


Fig. 4 — Representation of 
the Structure of Sodium 
Chloride. Ionic bonding of 


sodium and chlorine ions 


irresolvable pearlite”.* This, in turn, was believed 
to coagulate into coarse pearlite and eventually 
into spheroidite. This belief implied the existenc 
of a series of essentially discontinuous changes jp 
the decomposition of martensite, though the vari. 
ous steps were not well-defined. 

Subsequent investigation of isothermal trans. 
formation, and of transformation on slow cooling, 
has demonstrated, however, that the dark-etching 
nodular troostite is in fact nodular fine pearlite 
which forms at a temperature near that of the 
nose on the isothermal transformation diagram, 
This last fact is well illustrated by Fig. 1 and 2. 
Figure 1 is a micrograph at 750 diameters of the 
nodular structure (formerly called troostite) 
in steel cooled at a rate just short of 
that required to make the structure 
completely martensitic. Figure 2 js 
a micrograph of a nodule at a magii- 
fication of 2500; in it the lamellar 
pearlite is clearly resolved. This nodv- 


Fig. 5 (below) — Schematic Rep. 
resentation of the Structure of 
a Metal: Positive Metallic Ions 
Surrounded by an Electron “Gas” 
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lar product is still sometimes called primary 
troostite, though the term has not gained wide 
spread acceptance. Moreover, in order to avoid 
confusion and the implication of a series of dis 
crete steps in the decomposition of martensite, the 
structures formerly called troostite and sorbite are 
now generally designated “tempered martensile’. 
However, the idea of steps in the tempering of 
martensite has been retained in another connec 
tion, which will be discussed later. 

Since the first step in the hardening of stee! 
is the formation of austenite, it is helpful to know 
something of the nature and structure of this 
phase. Sauveur clearly recognized this, though he 
did not incorporate it specifically in his questions 
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Austenite and Other Crystals 


As noted, Sauveur in 1926 described aus- 
tenite as “a solid solution of carbon, probably in 
the form of the carbide Fe,C, in gamma iron”. 
The word “probably” in this statement was an 
expression of the prevailing uncertainty concern- 
ing whether carbon was present as atomic carbon 
or as molecules of carbide. The debate over this 
question provoked considerable discussion, partic- 
flarly along thermodynamic lines, since it was 
hoped at that time that a thermodynamic point of 
view might yield a definitive answer. . However, the 
data available proved inadequate. 

The answer eventually came from advances 
in our knowledge of the nature of chemical bonds 
and since this knowledge has many applications 
in metallurgy, I should like to discuss it briefly in 
simplified, perhaps oversimplified, terms. 

The traditional concept of a molecule was that 
of a relatively small number of atoms closely 
bound by chemical forces to form a chemical unit 
of definite composition and properties. A typical 
example was the molecule of methane, the struc- 
ture of which is shown schematically in Fig. 3, in 
which four hydrogen atoms are bound to a central 
carbon atom by strong bonds that are now known 
to result from the sharing of electrons between 
carbon and each of the four atoms of hydrogen. 
Such bonds can be thought of as direct linkages 
between the atoms, as indicated by the electronic 
formula presented at the left of Fig. 3. 









Under ordinary conditions, methane is a gas 
in which individual molecules are free to move 
around with little interaction among themselves 
except on direct collision. As the temperature is 
decreased, however, cohesive forces among 
the molecules increase until at about —160°C. 
(—255° F.) methane liquefies. At about —185° C. 
(—300° F.) it freezes, yielding a solid composed of 
molecules held together by cohesive forces but still 
identifiable as individual units. This type of solid 
is characteristic of most organic compounds. 

Among inorganic compounds, however, the 
state of affairs is quite different because the chem- 
ical bond is in general not a linkage formed by 
the sharing of electrons between specific atoms but 
results from the transfer of an electron from one 
atom to another, thus yielding charged atoms, 
which are held together by electrostatic attraction. 
For example, in sodium chloride the sodium atoms 
each lose an electron to form a positive sodium 
ion, whereas each chlorine atom gains an electron 
to form a negative chlorine ion. The structure of 
solid sodium chloride is therefore that shown in 
Fig. 4, in which each type of ion is surrounded 
by a cluster of ions of opposite sign. In this 
arrangement there is no definite unit that retains 
the identity of a molecule, unless the entire crystal 
is regarded as one giant molecule. 

In a solid metal the structure is again differ- 
ent. The metal atoms may be thought of as losing 
their valence electrons, leaving a positively 
charged metal ion; but the electrons thus freed 
are not taken up by other atoms. Instead they 
remain as a kind of electron gas, which permeates 
the lattice of metallic ions. Figure 5 is a crude 
attempt to illustrate this concept. 

When a metal is alloyed by the 
addition of another metallic element, 
the atoms of the solute commonly 
take one of the lattice sites occupied 














Fig. 6 (above) — The 

or Atomic 
Arrangement of Austen- 
ue, According to Petch 





Range of Positions 
for te Atoms 


Fig. 7— The Probable Struc- 
ture of Martensite, Accord- 


ing to Lipson and Parker © ‘or C Atoms 


Probable Positions 


by solvent atoms to form a substitu- 
tional solid solution. When atoms of 
a nonmetallic element are added, 
however, they tend, if they can fit, to 
go to interstices in the lattice of sol- 
vent atoms to form an interstitial 
solid solution. 

More specifically, when carbon is 
introduced into gamma iron, it occu- 
pies the spaces between the iron 
atoms. Moreover, carbon atoms can- 
not form direct linkages of the meth- 
ane type with iron atoms, and it is 
difficult to see how they can build up 
an ionic structure such as occurs in 
sodium chloride. The most likely type 
of bond is something resembling a 
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metallic bond, which means that carbon atoms are 
not directly linked to specific iron atoms to form 
a molecule in the traditional sense. When carbon 
migrates through gamma iron, it simply moves 
from one site to another without any correspond- 
ing movement of iron atoms bonded.to it. It is 
therefore no longer permissible to think of iron 
carbide molecules of the traditional type existing 
in solution in iron. 

The positions occupied by the carbon atoms 
in austenite have been determined by Petch* by 
means of X-rays, with results shown in Fig. 6. 
Carbon atoms occupy positions at the center of 
the unit cell and at the midpoints of the edges. 
Although the figure shows all the sites that carbon 
can occupy, there are, in fact, never enough car- 
bon atoms present to fill all the possible 
positions. Indeed, in austenite containing 
1.7% 
only one position out of 
occupied. 

The nature 
austenite from which martensite forms 
can therefore be regarded as well-estab- 
lished. It is an interstitial solid solution 
of carbon in gamma iron, with the atoms 
arranged as shown in Fig. 6. 


twelve is 


Martensite 


The arguments advanced above like- 
wise answer Sauveur’s question concern- 
ing whether carbon in martensite exists 
as atoms of carbon or molecules of iron 
carbide, since there is again no basis on 
which to speak of carbide molecules exist- 
ing within the iron lattice. 

But what then is the precise structure 
of martensite? What is the structure of 
iron in which the carbon atoms are dis- 
persed and what positions in the structure 
do the carbon atoms occupy? As with 
austenite, X-ray diffraction data yield a 
partial answer, though it is by no means 
so complete or so certain. 

In 1926, the year of Sauveur’s second paper, 
Fink and Campbell’ showed that martensite is 
tetragonal, a finding that, within the next five 
years, was verified by other investigators, who 
showed also that the lattice parameters varied 
linearly with carbon content. On extrapolation 
to zero carbon content they obtained a parameter 
which agreed with that of body-centered cubic 
iron. On this basis, martensite can be considered 
as ferrite supersaturated with carbon. 

The next step, the assignment of locations to 
the atoms in the unit cell, as has already been 
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Fig. 8 — Isothermal Transformation Diagram for S$ 
(0.37% C, 0.68% Mn, 3.41% Ni), 
Formation Added. Steel austenitized at 1450° F. Grain size, 7 8 


discussed for austenite, is more difficult. It ha 
been attempted by a number of investigators, th, 
most recent, and perhaps most successful, work 
being that of Lipson and-Parker.® They conclu 
that the martensite structure is that shown jp 
Fig. 7, in which there is the customary body. 
centered tetragonal unit cell with the carbon atoms 
occupying the largest interstitial holes. The iroy 
atoms, however, seem to be displaced from th 
exact corners and center of the cell, sometimes by 
as much as 10%. One interpretation, which jx 
however, not beyond question, is that the inter. 
stitial holes are not large enough to accommodate 
carbon atoms comfortably, so that the surrounding 
iron atoms are displaced, mainly in the vertical 
direction, as shown. 
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S.A.E. 2340 Steel 
With Data on Martensite 


Although this schematic structure shows 4 
carbon atom in each possible location, few such 
positions are in fact occupied. Indeed, as with 


4“The Positions of the Carbon Atoms in Austenite’, 
y N. J. Petch. Journal of the Iron and Steel Institute, 
V. 144, 1942, p. 111. 
5“Influence of Heat Treatment and Carbon Content 
on the Structure of Pure Iron-Carbon Alloys”, by W. 
L. Fink and E. deM. Campbell. Transactions of the 
American Society for Steel Treating, V. 9, 1926. p- 71%. 
6“The Structure of Martensite”, by H. Lipson and 
Audrey M. B. Parker. Journal of the Iron and Stee! 
Institute, V. 149, 1944, p. 123. 
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austenite, not more than 1/12 of these locations 
are occupied even at 1.7% carbon. Moreover, the 
actual displacement of the iron atoms at any given 
location in the structure seems to depend on the 
number of adjacent atoms of carbon. 

This is the best answer that can now be given 
to Sauveur’s first question as to the nature of 
martensite. It is admittedly not established beyond 
question, nor is it satisfactory in all details. More 
investigation is needed but this does not alter the 
fact that we are fairly well along toward a definite 
answer. Certainly, marked progress has been made. 

The second half of Sauveur’s first question 
deais with the cause of the hardness of martensite 
and here I must confess there has been but little 
progress in the last 22 years. This is in part 
because there is no exact definition of hardness. 
The hardness of martensite is probably associated 
with its tetragonal structure, which is essentially 
a structure distorted by the presence of carbon 
atoms and possessing no planes on which gliding 


point, which is determined by the composition of 
the metal. Moreover, for each increment of tem- 
perature below the Mg point, an increment of mar- 
tensite forms almost instantaneously. The speed 
of formation of a single martensite blade in steel 
containing 1.7% C was found by Wiester’ to be 
of the order of 0.001 sec. If the cooling is inter- 
rupted, formation of martensite ceases. These facts 
are expressed on the typical transformation dia- 
gram in Fig. 8. 

The mechanism of this transition, in the sense 
of the movement of atoms in the crystal structure, 
has also been worked out fairly well. Martensite 
has the same composition as the parent austenite, 
and is formed by a process of shear in the aus- 
tenite crystal. This type of transformation is now 
commonly referred to as “diffusionless”, to dis- 
tinguish it from the process of nucleation and 
growth by which pearlite and bainite are produced. 
The martensite blades are always considerably 
finer than the grains of the parent austenite. Tem- 

pering transforms this 
martensite transitional 



















structure to ferrite and 
expels the carbon atoms. 


Strain 


Some comment 
should also be made on 
Sauveur’s fourth ques- 
tion, which concerns the 
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role of strain in the hard- 





‘Transformation 


is easy. In this connection it should be noted that 
the hardness of martensite depends chiefly on 
carbon content and is largely independent of alloy 
content. Comparing this with the answers sent 
to Sauveur in 1926, one realizes that some advances 
have been made since then; yet I would not claim 
that what I have just said is much of an improve- 
ment over the reply made by McCance that: “The 
normal alpha iron space lattice is distorted, owing 
to the presence of the carbon atom, and the hard- 
ness of martensite is a consequence of this state 
of distortion.” 

Coming now to Sauveur’s second question as 
to the conditions necessary for the formation of 
martensite and the mechanism of this formation, 
one again finds substantial progress. It is now rec- 
ognized, for instance, that, in general, martensite 
forms only on cooling and then only below a cer- 
fain maximum temperature, now called the Mg 


Time, Logarithmic Scale —~ 
Fig. 9 — Comparison of the Ordinary Quench-and-Tem- 
per Hardening Cycle and the Martempering Process 


ening of steel, though we 
must be careful to define 
what is meant by strain, 
since the term has sev- 
eral connotations, some 
of which differ today from those in 1926. 

If one means strain in the sense of lattice 
distortion in martensite, then we are fairly certain 
that strains are significant. Or, if by strain one 
means shearing in the formation of martensite, 
then strain is certainly significant. 

On the other hand, on reading the replies to 
Sauveur’s 1926 questionnaire, one gains the 
impression that at that time the idea of strain in 
hardening arose from the observation that hard- 
ened steel often cracked during quenching or later. 
In this sense, it is now recognized that such strains 
result either from stresses arising from thermal 
gradients during quenching or stresses resulting 
from volume changes accompanying transforma- 
tion, neither of which is an essential part of the 





™Die Martensitkristallisation im Silmbild”, by 
H. J. Wiester, Zeitschrift fiir Metallkunde, V. 24, 
November 1932, p. 276. 
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mechanism of hardening. Indeed, the introduction 
of such processes as martempering has done much 
to remove the danger of such cracking. 

The principle of this process is compared with 
that of conventional quench-and-temper processes 
in Fig. 9. It is important to note that these proc- 
esses differ essentially only in the conditions under 
which austenite transforms. 

In the conventional quench-and-temper proc- 
ess, the piece is quenched so rapidly that no trans- 
formation occurs before the Mg temperature is 
reached. Transformation to martensite then 
occurs during passage through the martensite 
range, after which the piece is tempered at a tem- 
perature, and for a time, necessary to yield the 
desired hardness. 

In martempering, however, the piece is 
quenched rapidly to a temperature just above the 
Mg point, and allowed to come to uniform temper- 
ature, thus relieving any stress arising from a 
thermal gradient within the specimen. It is then 
cooled relatively slowly through the martensite 
range so that transformation occurs simultane- 
ously throughout the specimen. Then it is tempered 
to the desired hardness as before. The prevention 
of significant thermal stresses by retarded cooling 
during and after the formation of martensite, and 
the concurrent partial relief of transformation 
stresses by self-tempering, usually reduce mate- 
rially the incidence of cracking. 
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Fig. 10 — Magnetization and Dilation Changes on 
Heating Hardened Plain Carbon Toolsteel. 
Measurements made at temperature. Note three 
stages of tempering and the effect of field strength 
on the magnetic curves. (Antia and Fletcher) 


8*Tempering of Toolsteels”, by 


Tempering 


Some further mention should be made of the 
tempering operation itself since this bears on the 
structure of tempered martensite, which has been 
mentioned already. 

The mechanism of tempering has recently 
been clarified by Cohen and his associates. The 
best evidence now indicates that for carbon steels 
there are three stages, as shown in Fig. 10: 

“In the first stage, which occurs below 400° F,, 
the tetragonal structure transforms to a cubic strue- 
ture, with the formation of a transitional precipi- 
tate, the nature of which is not yet established, 
Some stress relief also occurs. In the second stage 
(400 to 600° F.) retained austenite transforms to 
bainite and more stress relief occurs. In the third 
stage (500° F. to Ae, temperature) the transitional 
precipitate decomposes with the formation of iron 
carbide. More stress relief occurs.” 

Here we have a series of steps that are begin- 
ning to be defined in terms of an atomic mech- 
anism instead of a structure as observed under 
the microscope. Much still remains to be done, 
yet progress is steady and significant. 


Recapitulation 


To sum up, since Sauveur’s 1926 paper, nota- 

ble advances have been made, though, as always 
in research, each step forward raises new 
questions to be answered. It is now established 
that it is meaningless to speak of iron carbide 
molecules existing as such in iron. 

The structure of austenite is fairly well 
established and the significance of the micro- 
structures found in hardened steel has been 
greatly clarified. The crystal structure of iron 
present in martensite is fairly well defined and 
the mechanism of its formation, in the sense 
of the way in which this structure changes, can 
be regarded as established. The position of the 
carbon atoms is also understood, though not 
completely. 

The fundamental cause of the hardness of 
martensite is still obscure, largely because the 
concept of hardness itself is not precise. 

Further elucidation of the mechanism of 
the formation of martensite and more complete 
specification of the transitional stage in tem- 
pering are needed. 

No doubt some lecturer 25 or 50 years 
from now will be able to explain these matters 

to you, but he will probably have a new list of 
questions that remain unanswered. 6 
Morris Cohen. 
Metal Progress, V. 51, May and June, 1947, p. 781, 962. 


Metal Progress; Page 208 

















A CASE IN WHICH AN “EXPENSIVE” METAL 
PROVES MORE ECONOMICAL AS WELL AS BETTER 





} is the most natural thing in the world 
for engineers and purchasing agents to 
check prices of materials, and when they 
ind that one costs more per pound than 
another, to conclude, in the absence of 
other information, that one is more ex- 
pensive than the other. However, it is 
often the case that much more than price 
s needed to determine which is actually 
the most desirable as well as economical. 
Take these golf shoes, for example. 


Golfers for years were annoyed by spikes 
that tipped, and dug into the feet instead 
of the fairway. The Old Colony Shoe 
Company did something about this. It 
devel ped a golf shoe with an inner steel 
plate co which the spikes are anchored. To 
Prevent rust, the steel was cadmium plated. 
Golfers went for the shoe. They still do, 
out what they do nor realize is that now 


ee 


A four-eyelet moccasin blucher, built on the comfortable Drury Lane last by Old Colony Shoe Company, 


Brockton, Mass. This golf shoe is leather lined throughout, and features the Sportaid Spike Stabilizers® 
an inner plate of Revere nickel silver to which the spikes are locked, so they cannot tip or press inte the 


° foot. The plate also prevents soles from curling, sagging or lumping *® Old Colony Shoe Co 


the plate in their shoes is made not of 
steel but of Revere nickel silver, spring 
grade, which is inherently rust-proof and 
needs no plating whatever. 


In making this switch, Old Colony was 
adhering to its customary policy of mak- 
ing the best shoes it knows how to turn 
out. Nickel silver costs more per pound 
than steel, but it was selected because it 
provides absolute assurance that the plate 
is equal in quality to the rest of the shoe 
materials. However, when the cost hgures 
were in, it was discovered, surprisingly, 
that the nickel silver plates cost less than 
the steel ones, due to elimination of the 
Nat- 
urally, before the final decision was reached 


plating and associated operations . . 


to use nickel silver, careful tests were 
made. Revere cooperated in these and was 
delighted when the metal proved itself on 


the basis of service. That it also has the 
advantage of economy is just so much 
the better . Quite often it is true that 
cents-per-pound are not as important as 
quality service and cents-per-finished-part 
Revere is always glad to collaborate in 


studying such problems 


VERE 


COPPER AND BRASS INCORPORATED 


Founded by Paul Revere in 1801 
230 Park Avenue, New York 17, New York 


Mills: Baltimore, Md.; Chicago, til; Detrowt, Mich. 
New Bedford, Mass.; Rome, N. Y.— Sales Offices in 
Principal Cities, Distributors Everywhere. 
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Personals 


Having graduated from Cornell 
University this spring, Thomas A. 
Foss @ has accepted a position in a 
training program at the Inland Steel 
Ca, South Chicago, Ind. 


Charles C. Woolsey, Jr., @ has been 
transferred from the metallurgy sec- 
tion of the U. S. Naval Ordnance Test 
Station at Pasadena, Calif., to the 
station at Inyohern, Calif., where he 
will be acting head of the metallurgy 
section. 


Following the receipt of his doctor 
of engineering degree from Yale Uni- 
versity, Robert Maddin @ has been 
appointed research fellow in metal- 
lurgy at Yale. 


Arthur R. Constantine @, with 
many years experience in motorcycle, 
refrigeration and appliance engineer- 
ing, has joined Indian Motocycle Co., 
Springfield, Mass., as head of the 
engineering division. 

Harold P. Weinberg @ is now 
employed as a metallurgical engineer 
by the Viener Metal Corp., at Rich- 
mond, Va. 
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END for your free copy of this 

new illustrated bulletin pre- 
senting valuable information re- 
garding characteristics and prop- 
erties of corrosion-resistant metals 
and stainless steel castings. It con- 
tains useful data in condensed 
form for every engineer and pur- 
chasing agent concerned with these 
metals. Your request will entail 
no obligation. 












5130 N. Thirty-Fifth Street 


FOUNDRY & ENGINEERING CO. 


° Milwaukee 9, Wisconsin 
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After receiving his M.S. ; 
lurgical engineering from 
School of Mines in June, J. E. Reynolds 
@ has accepted a position of instructor 
at his college while continuing grady. 
ate studies. 


meta]. 
Missouri 


Sidney H. Avner @ has joined the 
staff of the mechanical technology de- 
partment, New York State Institute 
of Applied Arts and Sciences, Brook. 
lyn, N. Y. 


L. G. Foye @ has been appointed 
engineer in the metallurgical section 
laboratory of the locomotive and car 
equipment division, Erie, Pa., works 
of General Electric Co. 


With the purchase of the induction 
heating division of Budd Co. by the 
“Tocco” Division of Ohio Crankshaft 
Co., William K. Ginman 6, for 1) 
years with Budd, has been appointed 
district manager of “Tocco” in the 
Michigan district office. 


A. W. Davis @ is now president 
of the Standard American Engineer. 
ing Co. of Lyons, IIl. 


Joseph C. Vogt @, who graduated 
from Missouri School of Mines and 
Metallurgy in June 1948, has accepted 
a position with the American Zinc Co. 
of Illinois. 


Winthrop Towner © has joined the 
Crown Chemical Corp. of Clinton, 
Conn., as field engineer in the New 
England territory. 


Formerly with the Submarine Sig- 
nal Co., Boston, Mass., G. C. Buona- 
gurio @ is now a member of the staf 
of the University of California’s Los 
Alamos Scientific Laboratory, Sandia 
base branch, Albuquerque, N. M. 


Kenneth B. Youngdah! @ has 
joined the Detrex Corp.’s group of 
engineers and will be connected with 
the central region office in Detroit. 


E. H. Shipley @ has recently joined 
the staff of H. A. Brassert & Co. of 
New York City as development eng! 
neer. He was formerly a research 
metallurgical engineer with Eaton 
Mfg. Co. 


Following completion of work 
toward his M.S. degree in metallur- 
gical engineering at Michigan College 
of Mining and Technology, Robert ™. 
Asselin @ has recently accepted * 
position as research metallurgist with 
Chain Belt Co., Milwaukee. 


Robert A. Schmidt @ has left bis 
former position as chief works eng" 
neer at the Lafayette, Ind., plant of 
the Aluminum Co. of America to - 
come the Pittsburgh represe! tative 0! 
Standard Alloy Co., Inc., Cleveland. 





MULTI-HOLDER POLISHES 12 SPECIMENS 


oe 2a Ar ONE TIME 


»* 


The new “Precision 12" Multi-Holder cuts preperation 
time from 25 to SO&% per sample and offers real savings 
over single specimen hand polishing. 


Every metallurgical laboratory whose daily routine 
includes a volume of metallographic sample prepara- 
tion, can eliminate the bottleneck of hand polishing . . 
lower preparation costs .. improve the quality of the 
finished specimen. The “Precision 12" Multi-Holder in 
conjunction with a "Precision"-Jarrett Automatic Pol- 
isher offers production possibilities and quality beyond 
comparison with that of any other existing equipment. 


Check these exclusive “Precision” Features .. . They 
will improve quality and lower costs in your labora- 
tory, too! 

1. Polishes 12 specimens at one time. 


2. Is 25 to 50% faster per specimen than the exclusive “Preci- 
sion 6” Multi-Holder 


3. Can be loaded fast. Tightening one nut holds all 12 speci- 
mens on a single plane. 


4. Polishes 12 specimens with the same amount of material 
used to polish a single specimen 


5. Maintains specimen edges. A very important feature on 
samples that are to be examined for decarburization 

6. Maintains parallel sides on mounted specimens, a very 
necessary requirement for micro-hardness tests 


7. Superior inclusion and graphite retention with a minimum 
of time and effort. 











8. Gives a 12 point contact with polishing lap— eliminates 
any possibility of tipping. Assures a flat surface polished to 
Close-up view of “Precision 12” Multi- mirror-like finish for better metallographic interpretation. 


Holder in operating position. Standard- 9. Operates with a minimum of attention. Operator can work 
ized procedures, solftions and laps 


ad riect! lished on next run of samples while machine is in operation. 
ect pec a 
Above illustration shows mir coal panel wor ee 10. Produces better polished surface than hand polishing. 
efficiency shelves’ for 11. Results oducibl ; 
storage of laps and solu- - hes are reproducible. 
tions. Saves steps, saves 


time, promotes cleanliness. Purchase From Your 
Laboratory Supply Dealer 


Precision Scientific Company 
RTLAT coe ! 


Get the facts .... Write for Bulletin No. T-10652 
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Personals 


T. B. Jefferson @, editor of The 
Welding Engineer and for the past 
eight years secretary-treasurer of the 
Chicago section of the American Weld- 
ing Society, has been nominated as a 
director of the American Welding 
Society. 


Jessop Steel Co., Washington, Pa., 
announces that Frank B. Rackley © 
has been appointed general manager 
of sales. Mr. Rackley has been head 
of stainless steel sales, western area, 
for Carnegie-Illinois Steel Corp. 


After graduating from Pennsyl- 
vania State College, Ralph W. Harris 
@ has accepted a training position in 
metallurgy with the Weirton Steel 
Co., Weirton, W. Va. 


Donald F. Davis @ is now em- 
ployed as a heat treat metallurgist at 
the Salisbury Axle Works in Fort 
Wayne, Ind. 


Robert J. Raudebaugh @ has joined 
the faculty of Georgia Institute of 
Technology as professor of metallur- 
gical engineering and as a research 
metallurgist in the Georgia Tech En- 
gineering Experiment Station. 


Joseph Berloldo @ has started his 
own engraving business in Malden, 
Mass. 


E. W. Deck @, formerly general 
manager of Trent Tube Mfg. Co., has 
been appointed manager of the Ithaca, 
N. Y., plant of the Morse Chain Co. 


After 35 years with Wyman- 
Gordon Co. of Worcester, Mass., C. 
Fred Milikin @ has retired from the 
company. 


P. M. Tsai @ has returned to China 
where he will work for the Chinese 
Petroleum Corp. in Shanghai. 


Jerome W. Wayno @, after com- 
pleting work for his B.S. at Notre 
Dame University, has been taking the 
training program at Detroit trans- 
mission division of General Motors 
Corp. and will be assigned as engineer 
in the master mechanics section. 


Lawrence F. Train @, formerly 
metallurgical engineer in charge of the 
research and development department, 
Craig Bit Co., Ltd., North Bay, Ont., 
will continue as technical consultant 
of the company while taking on the 
position of northern representative 
for the Canada Electric Castings Co., 
Ltd., Orillia, Ont., and Apco Indus- 
tries, Ltd., Leaside, Ont. 


Charles O. Burgess @, for 25 years 
head of the Steel and Gray Iron Re. 
search Laboratories of Union Carbide 
and Carbon Co., has been appointed 
technical director of the Gray Iron 
Founders’ Society, Inc., Cleveland, 
where he will establish a technical de. 
partment and initiate a long-range 
program of product improvement, 
technological development, handbook 
preparation and technical research. 


George W. Motherwell ©, works 
manager of Wyman-Gordon Co, 
Worcester, Mass., has been elected 
president of the Magnesium Assoc. 


Kent Cliff Laboratories, Peekskill, 
N. Y., announce the appointment of 
Edward H. Enberg, Jr., @ in charge 
of all standardization, and John B. 
Verrier, Jr., in charge of sales. Both 
men were associated for many years 
in similar capacities with Wilson Me- 
chanical Instrument Co., Inc. 


The American Society for Quality 
Control has elected Ralph E. Warham, 
vice-president and director of National 
Photocolor Corp. of New York, as 
president for the coming year; W. R. 
Weaver ©, of Republic Steel Corp. 
of Cleveland, has been elected vice- 
president; S. Collier, of Johns Man- 
ville Corp., New York, is executive 
secretary. 
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CARBURIZING COMPOUND 
ts Nou- Surning 


Char*Carburizers do not burn when exposed 
to the air, because the ignition point of the 
base carbon is regulated. This means there 
is no waste due to burning. The discomfort 
of heat and dust arising from the hot and 
glowing compound is largely eliminated. 
These low burning losses make Char out- 
standing for cleanliness and economy. 


cover the majority 
work uses. 


CHAR PRODUCTS COMPANY 


MERCHANTS BANK BLDG., INDIANAPOLIS 4, IND. 
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. . « « THIS HANDBOOK 
POINTS THE WAY to indus- 


tries requiring small accurate 
parts in large quantities 








It's NEW! Complete and Authori- 
tative . . . Provides the Essential 
Precision Casting Data YOU Need! 


KY-J: lem dela Melll a Cop y Melele y! Here is a Misco Precision-Cast stainless 
steel machine part weighing 2 ounces, 
cast to dimensional tolerances of + .004” 
per linear inch. Fifty-six separate opera- 
tions are saved as compared to the old 
method of machining a forging. Large 
scale production can be scheduled for 
quick delivery and tooling costs are low. 





The striking qualities of the Misco Precision Casting Process 
described in our booklet are of particular interest to engineers, 
metallurgists, production and purchasing executives. Clear, con- 
cise, and up-to-date, this 20-page booklet, in full color, has been 
compiled to present you with the latest developments in preci- 
sion castings which practically eliminate expensive machining 


operations. If your requirements call for quantity production of Let us assist you with your design, pro- 
small intricate parts in high strength, wear resistant, and heat duction and material selection. Inquiries 
and corrosion resistant steel alloys you should have this booklet. will receive prompt attention. 


We invite you to write for your copy. 


PRECISION CASTING DIVISION 
Michigan Steel Casting Company 


One of the World's Pioneer Producers and Distribeters of Heat and Corrosion Resisting Alleys 
1998 GUOIN STREET «+ DETROIT 7, MICHIGAN 
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Karl L. Fetters @, special metal- Edward D. Thompson @, formerly 
Personals lurgist of the Youngstown Sheet and assistant to the president at Ontario 
Tube Co., and J. L. Mauthe, vice-pres- Mfg. Co., is now works manager of 
pits tntiecitin Gitin Qectaiien sont of the same company, + et oa Badger Meter Mfg. Co., Milwan. 
Institute of Technology in June 1948, wanes the Amesiens rang one oe 7 
John 0’ M @ has joined the A ; Institute Medal for their paper “The Semen &. Pert, ot ; 
—r canage nal gross Ps Mineralogy of Basic Open Hearth ee © graduated 
ican Manganese Steel Div. of Ameri- Slags” from Rensselaer Polytechnic Institute 
can Brake Shoe Co. at St. Louis. y in June, has joined the sales depart- 
Si Seidias Oh kak sen coninted mee een caer Co. a4 “aro a Bethlehem Steel Co., Bethle- 
assistant to the president of Export pcereniaie = | career a * _— 
a Crossett @, formerly with the Chi- 
Traders Co. of New York. cago, Milwaukee, St. Paul and Pacific 
The U. S. Atomic Energy Com- Railroad, as a member of the develop- 
mission announces the appointment ment and research division. Mr. 
of Evan Frank Wilson @ as assistant Crossett will follow railroad develop- Babcock & Wilcox Tube Co. 
director of the division of raw mate- ment work, Beaver Falls, Pa., announces that 
rials. Mr. Wilson, prior to this ap- . . ; ili 
oe oon was chief saranda a. Western New York Section of the be 08 = ee . wd 
the Babcock and Wilcox Co., Barber- American Chemical Society has — r : 7 ' z ag san 
* = awarded the Jacob F. Schoellkopf with Babcock & Wilcox since 1932, 
ton, Ohio. Medal for 1948 to Marvin J. Udy @, most recently as assistant general 


Claire C. Balke @, formerly with consulting engineer of Niagara Falls, sales manager. 
the Fansteel Metallurgical Corp. and N. Y., whose many patents include the Evan N. Davidenko @ has re- 
Los Alamos Atomic Bomb Laboratory, Udylite process. cently joined the U. S. Naval Torpedo 
has recently accepted the position of Station, Newport, R. I., in the capac- 
director of research at Roberts & ity of materials engineer in the re- 
Mander Corp., Hatboro, Pa. search department. 


E. J. Korda @ has been employed 
as metallurgist with the Wright 
Aeronautical Corp., Wood-Ridge, N. J. 


American Brake Shoe Co. has pro- 
moted Raymond H. Schaefer @ to the 
position of director of research and 

L & S Bearing Co., Oklahoma City, development. Mr. Schaefer has been Bradley Higgins ©, formerly as- 
Okla., announces that Paul A. Cush- with the company since 1940 and has sistant plant engineer at the Worces- 
man @ has joined its organization. been most recently chief metallurgist ter Pressed Steel Co., has been 
Dr. Cushman was formerly metallur- in charge of metallurgical research appointed assistant to the president 
gist and test engineer of McGill Mfg. and the company’s experimental of the Livingstone Engineering Co., 
Co., Valparaiso, Ind. foundry. Worcester, Mass. 
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Here’s another advantage of the... 


GANTRY-TYPE 


ELECTRIC MELTING FURNACE 


Mechanisms are pre- 
cision built, gear driven 
throughout, for maximum 
safety and dependability. 


AMERICAN BRIDGE COMPANY 


General Offices: Frick Building, Pittsburgh, Pa. 
BALTIMORE - BOSTON - CHICAGO - CINCINNATI 
CLEVELAND - DENVER - DETROIT - DULUTH 
MINNEAPOUS « NEW YORK + PHILADELPHIA - ST. LouIs 


Columbia Steel Company, San Francisco, 
Pacific Coast Distributors 
ork 


United States Steel Export Company, New ) 
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STRENGTH 
DUCTILITY 


ONLY 0.10 per cent VANADIUM increases <we™™™ 





ABRASION 
RESISTANCE 


TOUGHNESS 


in MANGANESE-VANADIUM steels 


Manganese - vanadium 
steel is especially svit- 
able for ship construc- 
tion because of its high 
tensile strength, ductility, 
and good weldability. 


Manganese - vanadium 
steel provides high 
strength for underfram- 
ing, end sills, dnd side 
frames for railroad 


gondola cars. 


Bell cranks, radius bars, 
ond other vital parts of 
high-speed locomotives 
that must be strong ond 
tough, are made of 
manganese - vanadium 
steel of medium-carbon 
content. 


Crankshaft forgings, 
which must have excep- 


ELECTRO METALLURGICAL COMPANY 
Unit of Union Carbide and Carbon Corporation 
30 East 42nd Street UCC) New York 17, N. Y. 


CTROMET Ferro-Alloys and Metals are sold by Electro Metal- 
‘gical Sales Corporation, 30 East 42nd Street, New York 17 


Y 


, and Electro Metallurgical Company of Canada, Limited 
Welland, Ontario. 
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Low-carbon, manganese-vanadium steel] ha 
high strength and ductility in the as-rolled condition 
This steel also has particularly good weldability be- 
cause of the fine grain imparted by vanadium, and 
its low carbon content. Welds in this steel show 
little tendency toward air-hardening, and retain 
strength and ductility almost equal to that of the 
original plate. 

Following is a typical analysis for low-carbon 
manganese-vanadium steel plate and rolled prod 
ucts. This composition is suitable for many appli- 
cations where a low-alloy, high-strength steel is 


required. Note the excellent properties of this steel. 


TYPICAL MANGANESE-VANADIUM STEEL ANALYSIS 


Venmiium. «© «© se ee ec eo oe 0 0 ot OB ORISS 
COM os sc pee wes sevens es « GOIOGRT 
a a ae ae ae a ee ll 
ee ae ae er ee ee ee ee ee ee eee | 


AVERAGE PROPERTIES 


Tensile Strength .... . . . «+ 85,000 to 95,000 psi. 
Yield Point ..... =. . «+ « «+ 55,000 to 72,000 psi. 
Geemmees Me Be «. « wc tw we ew wee 18 to 27° 

Reduction of Area ..... +++ + « %S0t070% 


Our metallurgists have had a great deal of expe 
rience over the years in the application of alloy 
steels. They will gladly help you select the right 
steel for a particular job. If you wish assistance, 
consult our Technical Service Department. There is 


no charge for this service. 










lectromet 









Personals 


C. F. Johnson @, formerly with 
Watson-Stillman Co., has become as- 
sociated with Manning, Maxwell & 
Moore, Ine., of Bridgeport, Conn., as 
special representative of the company 
in Houston, Tex. 


Carnegie-Illinois Steel Corp. an- 
nounces the* R. F. Miller @ has been 
appointed assistant to the vice-presi- 
dent of the research and technology 
department. Dr. Miller began his 
service with U. S. Steel Corp. at the 
Kearny, N. J., laboratories in 1936, 
and was appointed development en- 
gineer in stainless and alloy steels 
for the department of research and 
technology in 1943. 


James L. Erickson @ has been ap- 
pointed regional sales representative 
in southern Ohio and Indiana for the 
Production Die Cast Co., Grand Rap- 
ids, Mich. 


Bani R. Banerjee @ is visiting India 
during the summer of 1948, on leave 
from the Illinois Institute of Technol- 
ogy, Chicago, where he plans to re- 
sume his duties as a member of the 
faculty in the department of metal- 
lurgical engineering in the fall. 


Dana J. Demorest @, for 33 years 
a member of the faculty of Ohio State 
University, will retire as chairman of 
the department of metallurgy on Sept. 
1, 1948, although he will continue his 
teaching duties for a few more years. 


Tube Turns, Inc., Louisville, Ky., 
announces that John G. Seiler @ has 
been elected executive vice-president. 
He was previously sales manager of 
the company. 


T. F. McCormick @ has been trans- 
ferred by the Aluminum Co. of Amer- 
ica from the Lafayette works to the 
Pittsburgh office where he will be a 
staff metallurgist. 


Joseph W. Pitts @ has recently 
joined the National Bureau of Stand- 
ards, Washington, D. C., in the en- 
ameled metals section of the Mineral 
Products Division. 


W. D. Jeffries @ has been appointed 
sales and service representative for 
cyanides and heat treating salts for 
E. I. du Pont de Nemours & Co. in 
the Chicago district. 


After receiving his M.Se. from 
Ohio State University, Paul R. Totten 
@ has been employed at the Thomas 
Steel Co., Warren, Ohio, as a metal- 
lurgist specializing in heat treatment. 


Structural Strength 
of the Welded Joint’ 


) )prpantty World War II, problems 

arose as a result of the 
expanded use of welding, particu- 
larly when applied to rigid, mas. 
sive structures, when steels were 
used having greater tensile strength 
and hardenability than mild steel, 
and when the welded structures 
had to be used at low temperature. 

The results of several recent 
investigations indicate that, under 
many service conditions, the per. 
formance of a welded joint, even 
when made in accordance with the 
best accepted practices, is far from 
satisfactory and can be improved 
considerably if and when proper 
research points the way. Two 
major examples of such investiga- 
tions were discussed. 

The first example was the inves- 
tigation, under Navy sponsorship, 
of the structural failures of Liberty 
ships. One phase (Cont. on p. 218) 


* Abstracted from the 1947 Acams 
Lecture of the American Welding 
Society, by G. S. Mikhalapov. Journal 
of the American Welding Society, V. 
27, No. 3, 1948, p. 193-206. 








HEAT TREATING IS 
ECONOMICAL AND TROUBLE-FREE 


IN A RECIPROCATING, CONTROLLED ATMOSPHERE FURNACE 


ATMOSPHERE CONTROL. A completely 
sealed full muffle permits maintenance of any de- 
sired atmosphere. 


ONLY THE WORK enters and leaves the heating 
chamber, resulting in economical heating and long 
life of alloy parts. 


SIMPLE DRIVE MECHANISM gives an infinite 
range and is located entirely out of the heat, 
reducing maintenance costs. 


UNIFORMITY of temperature and feed results 


in uniform work. 


FIVE STANDARD SIZES made, with capacities 
ranging from 10 to 1200 pounds of work per hour. 


VERSATILE. These furnaces are regularly being 
used without special provision for work ranging from 
heavy forgings to phonograph needles. 


Write for detailed Literature. 


AMERICAN GAS FURNACE CO. 


1002 LAFAYETTE STREET : 





ELIZABETH B, N. J. 
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distributor nearest you. 





TENNESSEE 


SouTmERN OXYGEN COMPANY, INC. 
ville, 


A ARAMA MICHIGAN 


Detroit, 
Cc. £. PHILLIPS & COMPANY 


post LDING SUPPLY COMPANY 

ARKANSAS MINNESOTA Kren 
Ute Reck, Duluth SOUTHERN OXYGEN COMPANY, INC 
WELDERS SUPPLY COMPANY Ww. P. & & S. MARS COMPANY 

CALIFORNIA DELTA OXYGEN COMPANY, INC 
Fresne, MINNESOTA WELDING SUPPLY COMPANY Texas 
VICTOR EQUIPMENT COMPANY Weer Beoument 
los PARSONS WELDING SUPPLY CO., INC. MAGNOLIA AIRCO GAS PRODUCTS CO 
v EQUIPMENT COMPANY missouri 


c Christi, 

MAONOLIA AIRCO GAS PRODUCTS CO 
Delies. 

MAGNOLIA AIRCO GAS PRODUCTS CO 
€! Pese, 

MAGNOLIA AIRCO GAS PRODUCTS CO 
Fert Werth, 

MAGNOLIA AIRCO GAS PRODUCTS CO 
Heviten. 

MAGNOLIA AIRCO GAS PRODUCTS CO 


Kilgere, 
BRAMBLETT & ALLEN WELDING SUPPLY 


L. J. PADDOCK COMPANY (Les Nietes) 
owl 

VICTOR EQUIPMENT COMPANY 

Sen Diego. 

— EQUIPMENT COMPANY 


VICTOR EQUIPMENT COMPANY 
COLORADO 


ey 
TWE DENVER OXYGEN COMPANY 
Denver 


THE DENVER OXYGEN COMPANY 
WESTERN OXYGEN COMPANY 


WESTERN OXYGEN COMPANY 
Grand Junction 

THE DENVER OXYGEN COMPANY 
Poeble 


Kanses City, 
KIRK.WIKLUND & COMPANY 
MONTANA 


MONTANA STEEL & SUPPLY COMPANY 


Greet Falls, 
MONTANA STEEL & SUPPLY COMPANY 
NEBRASKA 


Omehes 
THE BALBACH COMPANY 
OMAMA WELDING COMPANY 
NEW MEXICO Lumbeck 
Alevquerque, WEST TEXAS OXYGEN COMPANY 
INDUSTRIAL SUPPLY COMPANY 
NORTH CAROLINA 


Asheville, 
SOUTHERN OXYGEN COMPANY, INC. 


Odessa. 

WEST TEXAS OXYGEN COMPANY 
Antone 

MAGNOLIA AIRCO GAS PRODUCTS CO 


WESTERN OXYGEN COMPANY Greentbeore 
FLORIDA SOUTHERN OXYGEN COMPANY, INC. WEST TEXAS OXYGEN COMPANY 
dock senville, NORTH DAKOTA * 
DUVALL WELDING SUPPLY COMPANY LETT & ALLEN WELDING SUPPLY 


Minet. 
SKOGLUND WELDING & SUPPLY COMPANY Wichite Falls, 
MAGNOLIA AIRCO GAS PRODUCTS CO 


MIAMI WELDING SUPPLY, INC. On10 
em ENGINEERING & MACH. CO., INC. SCOTT-TARBELL, INC. “oe leke City, 
Mn yee! WHITMORE OXYGEN COMPANY 
ve SCOTT.TARBELL, INC. 
a RT SanueR WELDING SUPPLY COMPANY OKLAMOMA 


Chicege Otiehome City, 
C. E. PHILLIPS & COMPANY CLOVIS GEE SUPPLY COMPANY 
KANSAS OREGON 


J. &. HASELTINE & CO 
LOUISIANA WY CO., INC. PENNSYLVANIA 


SOUTHERN OXYGEN COMPANY, INC. 
Withes Berre, 
COMMERCIAL GAS CORPORATION 


Seater 

IHAHA 1 

en WELDING SUPPLY COMPANY 
Yn WELDING EQUIPMENT CO. 
noe SUPPLY COMPANY, INC. 


MARY LAN Yerk, 
Beirimere, SOUTHERN OXYGEN COMPANT, INC. 
SOUTHERN OXYGEN COMPANY, INC. SOUTH BAKOTA 


Abo beer 
SOUTHERN OXYGEN COMPANY, INC. PARSONS WELDING SUPPLY CO. 


EEE SCAT ELE ORES SR Om 
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STOODY DISTRIBUTORS IN THE UNITED STATES AND CANADA 


PROVIDE more effective coverage, better service 

and additional technical assistance in the use of 

hard-facing alloys, Stoody Company announces certain 

changes in its distributor organization. The accompanying 

list contains the names of principal distributors through- 
out the United States and Canada. 

IN ADDITION TO THESE DISTRIBUTORS, local dealers 

in industrial and agricultural areas handle Stoody prod- 

ucts. For the name of your local dealer, write or phone the 





VERMONT 


Burlington 
GRADY'S WELDING SUPPLY 
VIRGINIA 


Mertett 

SOUTHERN OXYGEN COMPANY, INC 
Bic mem 

SOUTHERN OXYGEN COMPANY, INC 


Reenehe 
SOUTHERN OXYGEN COMPANY, INC 
WASHINGTON 


Seer 
4. £. MASELTINE & CO 


Spot ens 
GIBSON WELDING SUPPLIES 
west viroia 


Rive Rete 

SOUTHERN OXYGEN COMPANY, INC 
Huntington 

SOUTHERN OXYGEN COMPANY, INC 


x: g & 
ALBERTA, CANADA 


Calgary Laémenton Lethbridge 

PRECISION MACHINE & FOUNDRY, LTD 
BRITISH COLUMBIA 

Vencowver, Victoria, Mew Westminster. 

MCLENNAN, McPEELY & PRIOR LIMITED 
ONTARIO, CANADA 


Terente. 
G. D0. PETERS & CO. OF CANADA, LTD 
QUEBEC, CANADA 


err cei 
G. 0. PETERS & CO. OF CANADA, LTO 














That’s why corrosion- and wear-resistant 
Ampco Metal is used for bearings and other 
critical parts in this mash and lauter tub 


Critical parts made of Ampco Metal 
are an assurance of long and trouble- 
free service, low maintenance and re- 
placement costs. Ampco Metal gives 
you many important qualities not found 
in other anti-acid metals: High tensile 
strength; good ductility; less weight; 
hardness to resist squashing, wear, im- 
pact, and fatigue ; good bearing qualities. 
Ampco’s aluminum bronze also re- 

sists corrosion, ero- 

sion, and cavitation— 

successfully handles 

such liquids as acids, 


alkaline solutions, sea water, mine wa- 
ters, petroleum sludge, hot brine, and 
food-product liquors. Whatever your 
process problem may be, get in touch 
with us. Our engineers can save you 
time and money by helping you adapt 
Ampco Metal, or assemblies of Ampco 
Metal and alloys, to your requirements. 
Write for complete information. 


Ampco Metal, Inc. 
Department MP-8 © Milwaukee 4, Wis. 
Field offices in principal cities 


Specialists in engineer - 


ing, 


oduction, finish- 


Non-sparking ing FB pmenvey alloy 


safety tools 


Fabricated 
assemblies 


Corrosion- 
resistant pumps 


parts and products. ® 


SS 


Sheet, cast- 
extruded-rod 
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Structural Strength 
of the Welded Joint 


(From p. 216) of this investiga. 
tion dealt with tests of specimens 
reproducing full-scale ship sections 
—for example, the corners of 
hatches. These tests indicated that 
a random change in the welding 
procedure (preheating the stee] a 
400° F.) was of greater benefit than 
a carefully planned change in the 
chemical composition of the steel. 

The second example was the 
investigation of portions of simple 
butt-welded steel plates by subject. 
ing them to high-velocity impact, 
normal to the plane of the plate 
(These results were first described 
by W. A. Snelling and W. O. Snell- 
ing in O.S.R.D. and N.R.C. reports, 
in 1945 and 1946.) This impact 
was produced by a detonating 
wave traveling through a column 
of explosive. The specimen being 
tested was a 12x12 or 18x18-in. 
prime or welded plate, % to 1% in 
thick, and was supported horizon 
tally on a flat base. A measured 
quantity of explosive was placed on 
the portion of the specimen to be 
tested, and the detonation of the 
explosive produced an impact of 
measurable energy and a condition 
of triaxial tension in the plate 
Because of the high rate of strain 
during this test, the conditions wer 
probably equivalent to triaxial ten- 
sion at low temperature. 

In this direct-explosive test, 
unwelded notch-tough plates 
deform considerably before failing 
by a single or Y-shaped crack, but 
unwelded notch-sensitive steels 
deform only slightly and _ shatter 
into many pieces. 

Under most conventional tests, 
the performance of a butt welded 
plate specimen would be virtually 
indistinguishable from the per- 
formance of the prime plate. How- 
ever, in the direct-explosive test, 
the performance of a welded speci- 
men ranged from 25 to 90% of that 
of the component prime plate, 
depending on the qualities of the 
plate and on the welding procedure 
used. The most common perform 
ance of welded plate was approx! 
mately 50% that of the prime plate 

According to a tabular summar) 
of data on prime and welded plate 
improvement in the prime plate 
raised the energy necessary 
fracture the plate from 465 units t 
600 units. However, welding the 
best plate reduced the energy ‘ 
fracture from an original (00 % 
a figure of 350 units after welding 

(Continued on p. 220 
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Improve over-all welding quality ... 


Constant improvement in over-all welding 
quality is due largely to the welder’s adoption of 


new and proved practices and technics. In this, 
radiography is contributing importantly by 
providing records that help determine good 
practice by showing the internal conditions of 
the weld without destructive testing. 


Test non-destructively with radiography ... 


Radiographic examination of welds helps develop 
sound welding technics faster . . . helps determine 


the soundness of the weld itself. It assures that 


the weldment has satisfactory penetration, is 
well fused, and is free from objectionable 


inclusions, porosity, and other irregularities. 


Often the information obtained from radiographs 


of the first job will decide welding procedure on 


an entire production run. 


For maximum radiographic visibility— 


| .. => 
a bc 3 


Kodak Industrial X-ray 
Film, TYPE A... for x-ray 
and gamina-ray Ww ork in sec- 
tions where fine grain and 
high contrast are desirable 
for maximum sensitivity at 
inoderate exposure times. 





Kodak Industrial X-ray 
Film, TYPE M... first 
hoice in critical inspection 
f lvht alloys, thin steel at 
moderate voltages, and 
heavy alloy parts with 
million-volt equipment. 





Kodak Industrial X-ray 
Film, TYPE K ... designed 
for gamma-ray and x-ray 
radiography of heavy steel 
parts, and of lighter parts 
at limited voltages where 
high film speed is needed. 





= 
Kodak Industrial X-ray 
Film, TYPE F... with cal- 
cium tungstate screens 
primarily for radiography of 
heavy steel parts. For the 
fastest possible radiographic 
procedure. 


use Kodak Industrial 


X-ray Films... 


They provide the high radiographic sensitivity — 


the combination of speed, contrast, and fine 


grain required for the detail visibility vou need 


in critical examination of welds. 


For complete information on the types best 


adapted to your job, see your local X-ray 


dealer or write to 


“Kodak” ix 


EASTMAN KODAK COMPANY 
X-ray Division, Rochester 4, N. Y. 


a trade-mark 


RADIOGRAPH Y. . . another important function 


of photography 
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EASY TO INSTALL—change-over | > 
gas-to-oil and oil-to-gas is a mat- J) 
ter of seconds for most installations. 


e-0¥8T Oy -TO-GAP 


5_oll an 


PREVENTS LOST TIME 


@ Proved in 159 furnace installations 
—1100 burners, during winter of 1947 
by 61 enthusiastic users. Provides low 
cost insurance against lost production 
and shipping schedule upsets. Builds 
employee relations and creates custo- 
mer goodwill. 

ACT QUICKLY!—the demand for 
this new Oil Standby Equipment is rapid- 
ly absorbing the available production 
facilities for installation this fall. 


SURFACE COMBUSTION CORPORATION 
TOLEDO 1, O30 


INDUSTRIAL BURNERS 
ann FURNACES 


ATTACH THIS COUPON TO YOUR LETTERHEAD AND MAIL 


([) RUSH 8-page bulletin giving specifications and engineering detoils. 


[(_} Glad to have your engineer determine our requirements. 
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Structural Strength 
of the Welded Joint 


(Starts on p. 216) 

One factor that may be respon. 
sible for the apparent inferiority 
of the welded joint to the parent 
plate is the difference in the metal. 
lurgical structures of weld metal, 
heat-affected zone and parent plate. 
Some ef these structures are unsat- 
isfactory in resistance to fracture 
and deformation under combined 
stresses. The conventional tensile 
test, being substantially unidirec- 
tional, is not a reliable guide to the 
performance of these _ structures 
when combined stresses are present 
in a welded joint. 

A second factor is the effect of 
gas composition of the arc-shield- 
ing atmosphere. Some of the most 
spectacular improvements in the 
performance of welded joints have 
resulted from changes in the arc 
atmosphere, but there is slight 
understanding of the chemical or 
physical principles involved. 
Undoubtedly dissolved gases, such 
as hydrogen, oxygen, and possibly 
nitrogen, affect the properties of 
the weld area. 


Gas in Bronzes’ 


THE AUTHOR of this paper did 

some pioneering work on the 
degassing of bronzes and reported 
his findings in 1940 and 1941. He 
used then a degassing flux contain- 
ing various amounts of copper 
oxide (CuO) plus clean sand and 
borax taken in equal amounts. 
Essentially his flux consisted of a 
fluid mixture of silicates of copper 
with copper borates and sodium 
borate. 

W. A. Baker re-examined the 
process in 1944 and concluded that 
it works satisfactorily on nearly 
pure binary bronzes, but produces 
no results with those that contain 
considerable amounts of zinc oF 
phosphorus — as commercial alloys 
usually do. For this reason the 
present author reinvestigated the 
question in 1947. 

The first step was to prepare 20 
alloys from virgin metals, copper 
and tin, under the oxidizing flux 
and to add lead, zinc or phos- 
phorus later on. (Cont. on p. 222) 


* Abstract of “The Control of Gas 
Content During the Melting of !hos- 
hor Bronzes, Gun Metals, and 

aded Bronzes”, by W. T. Pell- 
Walpole. Metallurgia, January 1948, 
p. 119. 
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You can give NICHROME” terrific punishment 
..-and still get low heat-hour costs! 


Here, for example, is what we mean: These baskets and 
fixtures, used for hardening stainless steel impeller blades 
during heat treating operations, must stay on the job despite 
punishing cycles and high-rate quenching. 


The blades are first annealed, in a pit type fiirnace, by 
heating them to 1525°F.; then cooled. Then they are hardened, 
by heating them to 1460°F. for half an hour, raising the tem- 
perature to 1825°F. for 10 minutes, and quenching. Finally, 
they are tempered, by reheating to 1300°F. and cooling in 
the furnace. And this goes on continuously. 


Faced with the problem of obtaining heat-treating equip- 
ment that could “stand the gaff’ day in and day out, York 
Corporation, of York, Pa., adopted fixtures and baskets of 
Nichrome — designed and cast by Driver-Harris. 





The superb heat and corrosion-resistant properties of 
Nichrome, assuring long life and dependable service under 
such punishing conditions, have enabled these baskets and 
fixtures to remain in operation for over a year without any 
need for repair. In addition, the lighter construction made 
possible by Nichrome has reduced deadweight — resulting in 
higher heat transfer and less heat consumption. Result: Low 
heat-hour costs. 


If your heat-treating problem is as tough as this one, and 
you would like better results, Nichrome is most probably the 
the right answer; if it is of the “common or garden variety”, 
Nichrome will give you phenomenally more efficient, econom- 
ical and lasting service. 


Nichrome is manvfactured only by 


Driver-Harris Company 
HARRISON, NEW JERSEY 


BRANCHES: Chicago, Detroit, Cleveland, los Angeles, San Francisco, Seattle 


*T.M. Reg. U.S. Pot. OF 
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Count on G. O. CARLSON, Inc. 


gr STAINLESS 
RING FLANGES 


Produced to Chemical Industry Standards 
In All Generally Used Analyses 


Bevelled Flanges — Save machining and handling by specifying 
flanges bevelled ready for welding. 


Threaded Flanges — Accurate threading on the |. D. and bolt 
holes if desired. 


Stub End and Ring Blanks— Cut to size for fabricating into 
necks, nozzles, washers, gaskets, etc. 


Take advantage of Carlson's specialized experience in producing 


and cutting stainless plate — 
Send biveprints and specifications today for prices on stain- 


less ring flanges in any size, or for any other irregular shapes in 
stainless plate up to the world’s largest. 


( CARLSON. wwe 


# 


Stainless Steels Exclusively 
300 MARSHALTON ROAD e THORNDALE, PA. 
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Gas in Bronzes 


(Cont. from p. 220) Specimens go 
produced were considered as stand. 
ards of density, cleanliness ang 
physical characteristics. The phys 
ical values were quite high, as the 
metal was cast into vertical chi) 
molds at a rate insuring minimum 
shrinkage, but the question remains 
whether the porosity was completely 
eliminated. (A phosphorus bronze 
that might show a theoretical dep. 
sity of 8.70 had 8.75; a high leaded 
bronze has shown 9.17 against 4 
theoretical 9.23. Volume contraction 
due to the formation of solid soly- 
tions is usually somewhat greater.) 

Next the author proceeded to 
prepare highly gassed scrap metal 
ingots by melting up scrap and 
letting it run through a dozzle lined 
with red sand baked at 100°C. The 
resulting gassy metal was used to 
test the efficiency of the CuO flu. 
The latter was taken in amounts 
of 3 and 6% of the weight of the 
metal, and its CuO content varied 
from 0.08 to 0.67 of the total. It 
was found that: 

1. Phosphor bronzes _ contain- 
ing no zine could be degassed 
rapidly with a flux containing 33% 
CuO. The resulting metal had a 
high ultimate tensile strength and 
a high, if variable, elongation. 
Ordinary melting in an oxidizing 
atmosphere gave slightly inferior 
density and ultimate, but the elonga- 
tions were much lower. The loss 
of phosphorus was slight and eas- 
ily remediable. 

2. High phosphor bronzes con- 
taining 1.5% P could be degassed 
completely using the same flux as 
above. The loss of phosphorus was 
greater, but by no means excessive, 
and could be remedied with a small 
addition. 

3. Gassy scrap of high phosphor 
bronze can be degassed just 4s 
effectively and without losing much 
phosphorus, but the flux must con- 
tain 50% CuO. 

4. Highly gassed admiralty gu 
metal (88 Cu, 10 Sn, 2 Zn) can be 
degassed quite effectively using 
50% copper flux; not more than 
0.5% Sn and 0.5% Zn need be 
added to make good the losses, if 
any. Melting under oxidizing con- 
ditions produces a metal of fairly 
high density, but an inferior tensile 
strength and a much inferior elon- 
gation. 

5. Gassed alloys of the 88-84 
type are not helped by the copper 
oxide flux to any greater extent 
than by an ordinary oxi: izing 
atmosphere. (Cont. on }. 224 





CRYSTOLON Slag Hole Blocks 


by “hate Vee 
Lay 4 MLL ‘ At 
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CRYSTOLON slag hole blocks, made by Nor- 
ton Company of densely bonded silicon carbide 
grain, give long trouble-free service in foundry 
cupolas. The hard, dense surface of these chem- 
ically inert blocks is resistant both to the abra- 
sion and penetration of molten slag. 


CRYSTOLON blocks resist all slag action 
either by corrosion or erosion. Consequently 
the hole size is maintained for a longer period 
of time, giving better control of the flow. These 
rugged slag hole blocks are highly refractory 
and will neither soften nor spall at temperatures 
up to 1650°C. 


NORTON COMPANY = WORCESTER 6, MASS. 
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H-P-M Production Record! 
Beer barrels of aluminum? The idea might have been laughed at a 
few years ago. Not so today. Benson Mfg. Company, Kansas City, Mo., 
with the help of its versatile, money saving H-P-M FASTRAVERSE 
press, went to work on the idea. The results...a beer barrel every 
minute ...a better product ...a lighter one ... at less cost. 

Regardless of whether you are deep drawing steel or 
aluminum, an H-P-M Press will step up your produc- 
tion. It has smooth, rapid action ...can be fitted with 
single or double action dies or progressive dies as shown 
above ... will blank and draw in a single operation, 
wiping out blanking costs. With an H-P-M, there’s less 
chance for scrap with today’s irregular stock. 

Want to know more about these money saving 
H-P-M Hydraulics? Call in a nearby H-P-M engineer 
or write today. 

THE HYDRAULIC PRESS MANUFACTURING CO. 
Mount Gilead, Ohio, U. S$. A. 
Broach Columbus, 


Phisburgh ond Chicago. Representatives in other J ! Mhng 
s ic ¢ st. 
Export Dept: 500 Fifth Avenve, New York, N. Y. —"Hydrovlic 





Bulletin 4706 will convince you—An H-P-M Fastraverse Press 
has all of the things you need to save money on metal 
forming jobs. Write for a copy today. Q 


Gal Centssmed Metal Working Press 
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Gas in Bronzes 


(Starts on p. 220) 

6. The 85-5-5-5 bronze (“reg 
metal”) is not benefited by the 
CuO-flux to any substantial exten; 
in comparison to melting in = 
oxidizing atmosphere. 

7. In leaded bronzes (10 ang 
20% lead) the flux with 50% Cuo 
produces a metal of higher density, 
but the effects upon strength and 
elongation are none too striking. 


Remarks by the Abstracter 


An interesting point is that the 
characteristics of the upper test 
piece were always higher than of 
the lower one. For instance: 

ULtTI- Eton- 
DENSITY MATE GATION 

High-Zn gun metal 
Upper 8.80 51,000 psi. 41% 
Lower 8.80 45,300 21 

88-10-2 
Upper 8.81 51,300 17 
Lower 8.78 42,800 8 

11 Sn, 15 P 
Upper 8.62 64,000 8 
Lower 8.60 53,100 3 


and so on. The following reasons 
might be advanced: 

1. Upper test bar was poured 
from the lower layers in the small 
crucible and these were lower in 
gas than the upper layers. 

2. Upper layer of the metal in 
the crucible carried larger amounts 
of solid impurities. 

3. The lower part of the cast 
bar cooled too rapidly in the ingot 
mold and the amount of the delta 
constituent was greater, thus reduc- 
ing the ductility. 

It is unfortunate that no stress- 
strain diagrams were taken and no 
Brinell figures are given. The 
micrographs also are not too 
plentiful. M. G. C. 


Magnesium for 
Cathodic Protection 


HE PAPER covers the results of 
a research program designed to 
determine the feasibility of using 
magnesium anodes for the cathodic 
protection of steel in sea water. The 
exposure tests were made at Kure 
Beach, N. C. 
The first part of the paper deals 
with the anodic performance of 
various magnesium (To p. 226) 


*Abstracted from “The Cathodic 
Protection of Steel in Sea Water 
With Magnesium Anodes”, by H. A. 
Humble. Paper presented before the 
National Association of Corrosion 
Engineers, April 1948. 
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MEEHANITE FOUNDRIES 


american Brete Shee Co. Mahwah, Hew jersey 
Tee American Laundry Machinery Co. Rochester, Hew York 
Mites Foundry Go. _ Detroit, Michigan 
Banner tren Works. _. : peuneninatie i Lents, Misseert 
Gerectt Foundry & Machine Co... Irvington, Mew Jersey 
L W. Bliss Co. <a. inatings, Wich. aad Toledo, 8. 
Gullders tren Foundry te... -veltvevidense, &. 1. 
& W. Sutterwerth & Sens Gp... Bethayres, Peaasytvania 
The Gooper-Bessemer Gerp........ Mt. Vernon, Obie aad Grove City, Pa. 
Grewterd & Doherty Foundry Co. ...Pertiand, Gregen 
Florence Pipe Foundry & Machine Co. meal erenes, Hew Jersey 
Futten Foundry & Machine Ge. inc. avnvvveem,ltarveand, Chie 
General Foundry & Mametacturing Co. ital, Michigan 
Greenlee Foundry Se... Chicage, IMinets 
The Hamilton Foundry & Machine Co. . Hamittes, Obie 
Jobestone Foundries, Inc. Greve City, Pennsytvasia 
Kasewhe Manstecturiag Co Charleston, West Virginia 
nests Foundry Corp. Los Angeles, Calitormis 
Pobiman Feendry Ge. Inc. ae 
Rosedale Foundry & Machine Go... _ Pittsbergh, Penasytvania 
Seve-Mechen Foundries.  Chattancega, Tennessee 
‘Standard Foundry Go... -= Worcester, Massachesetts 
‘The Stearns-Reger Manutacturing Co. Denver, Cotorade 
Trayter Engineering & Mtg. Ge. Allentown, Ponasytvenia 
Valley tree Works, tne... St. Pael, Minnesota 
Velcon Foundry Go... Gakiand, Caliternia 
Warren Foundry & Pipe Corperatice Phillipsburg, Mew Jersey 
Washington Machinery & Supply Ce. Spotane, Wasbiagter 
ia tiie, Gatarte 
Gle-Fensem Blevater Ge, LM ‘Hamiltea, Oatarte 


PERSHING SQUARE BUILDING * 





1s a 


ted to destruction at 8,000 psi 





Maximum Safety and 








Minimum Weight use 


MEEHANITE Castings 


A= to provide true pressure tightness must be made from a 
metal which is uniformly solid through all sections, and free from 
shrinkage and porosity at change of section. 

Meehanite castings are produced under methods which scientifically 
regulate these factors. 

The illustrations above are two typical examples of pressure castings, 
one of which was tested to destruction. The compressor cylinder head 
(Figure 1) has a minimum metal section of 1” and is designed for 
operating pressures of 1500 psi. Under test it took 8000 psi to fracture 
the unit. 

The hydraulic pump head (Figure 2) is shown being tested under a 
pressure of 30,000 psi. At this pressure it was impossible to break the 
head. The casting has an average section of 1” and did not fail under test. 

Adequate safety factors are thereby provided without depending upon 
excessively heavy section thicknesses and resultant weights may be held 
to a minimum. 

Thus the careful metallurgical and manufacturing controls exercised 
in the production of Meehanite castings are utilized to solve many of the 
difficult problems involving pressure tightness. 

Write for Bulletin No. 10 “Meehanite — the Metal for Pressure 
Castings.” 





MEEHANITE 





NEW ROCHELLE, N. Y¥- 
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“FALLS BRAND” ALLOYS 


“Qalls” 


TITANIUM 
ALUMINUM 


When added to aluminum-copper 
and aluminum-silicon alloys will dis- 
solve readily at ordinary foundry melt- 
ing temperatures. It has a favorable 
influence on the grain-size and struc- 
ture and will promote the following 
properties: 


- Increase tensile strength 
and ductility. 


. Increase fluidity. 


. Increase resistance to pres- 
sure so that castings will 
hold liquids without leak- 
age. 

- Improves polished and 
machined surfaces due to 
decreased subsurface pin- 
holes and porosity. 


“Falls” Titanium Aluminum, pro- 
duced in most convenient size ingot 
for weighing small quantities, is rec- 
ommended for addition to molten 
aluminum alloy just before it is 
poured into the mold. 


Write to us for Detailed Information 


Metal Progress; Page 226 





Magnesium for 
Cathodic Protection 


(Continued from p. 224) alloys. Celj 
magnesium and magnesium alloys 
AZ63, AZ31X and AZ61X were cas; 
as cylinders 4 in. in diameter by 
20 in. long, and these specimens 
were suspended in plastic frames 
and placed 4 ft. below mean low 
tide. Sixteen specimens of each 
alloy were coupled electrically to 
the sheet steel piling walls of the 
test basin and four served as 
uncoupled controls. Recording 
potentiometers were used to meas- 
ure and record the flow of current. 
Various current densities were 
obtained by installing fixed resis- 
tors in series. Most of the tests were | 
run for three months. 

The magnesium anodes were 
satisfactory for the cathodic pro 
tection of steel in sea water. Solu- 
tion potentials of —1.5 volts (versus 
saturated calomel electrode) were 
observed; these are virtually inde- 
pendent of time and magnitude of 
current flow. Recoveries of 500 to 
600 amp-hr. per lb. of metal con- 
sumed were realized. 

The second part of the paper 
deals with the current necessary 
for cathodic protection. The cur- 
rent required changed rapidly with 
time after the application of a pro- 
tective current. If high current 
densities sufficient for immediate 
protection are applied, this current 
will be too high as time progresses. 
If current densities equivalent to 
equilibrium conditions are applied, 
substantial corrosion may occur for 
some time (perhaps several years) 
before complete control of corro- 
sion is obtained. The best method 
appears to consist in a high initial 
applied current density that is sub- 
sequently lowered. The advantages 
of this method are: (a) Immediate 
protection is obtained. (b) The 
high initial current densities pre 
cipitate a calcareous coating over 
the surface of the cathode, and this 
will stifle corrosion. This coating 
also reduces the current required. 
(c) Total current requirements are 
lower for extended exposure times. 

Sandblasted and rusted killed 
steel plates were used and coupled 
with magnesium anodes. For the 
sandblasted steel more than 10 ma. 
(milliamperes) per sq.ft. 1s 
required for initial protection but 
protection may eventually be 
achieved by a fixed current density 
of about 6 ma. per sq.ft. The 
rusted steel can be protected with 
a slightly lower current « sity. 


(Continued on p. 228 



























Repiocement of this $1,400 
. wear would have taken 
from: six months to a year. 
[he badly worn teeth were 
buil:-up by bronze-welding 
and the gear returned to ser- 
vice in just a few days at half 


rith, 


the cost of a new one, 
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The repair of vast quantities of equipment by oxy-acetylene 
methods is of course routine for plant maintenance crews. 
It is for the special job, however, that the LINDE serviceman’s 
supervision and work proves so valuable and gives assurance 
of success. This skilled, specialized assistance is always avail- 


able to LINDE customers. Just phone the nearest LINDE office. 


ial s 
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Bronze-welding this cast steel cone This cast iron steam hammer cylinder Flanges are quickly joined to cast iron 
crusher head saved $1,000. The crack, weighs 4,000 lb. Two large cracks, one pipe sections by bronze-welding. Linpe 
. which ran completely around the head on each side of the cylinder wall, were supplies several bronze rods to meet 
er for a distance of 914 ft., extended bronze-welded in only 14 hours. A new varying service requirements 

‘is through the thickness of the casting in casting would have taken 16 weeks to 
ng several places. It was veed out by obtain and would have cost more than 
d flame-gouging. 10 times as much. 


ite 





a. Bronze-welding effected a considerable saving 

is of cost and time when four spokes of this huge 

ut : cast iron pulp-chipper wheel was cracked at 
the hub. 


The word “Linde” ie a regietered trade-mark of The 
le Linde Air Products Company 


THE LINDE AIR PRopucTsS COMPANY 
Unit of Union Carbide and Carbon Corporation 

30 East 42nd St., New York 17, N. Y. (183 Offices in Other Principal Cities 

In Canada: DOMINION OX YGEN COMPANY, LIMITED, Toronto 
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BLAZING 
THE 
HEAT ( 
TREAT 


TRAIL é 


Was a peter 


Development in 1934 


The first non-scaling, non-decarburizing furnaces for high carbon steel 
were installed by Holcroft in 1934. Both are still in operation. Since 
then, Holcroft has continued the development of non-decarburizing 
atmospheres responsible for equalizing and restoring carbon in the 
basic materials. 


Today, the advantages of Holcroft controlled-atmosphere hardening are 
so widely recognized that practically all modern carbon-control furnaces 
follow one or more of the principles established by Holcroft engineers. 


In carbon control, as in every other large-volume heat treat application, 
Holcroft engineering leadership can serve you best. Holcroft offers 
complete metallurgical and engineering service, from designing 
the furnace to your individual requirements through the trial run of 
the completed installation. Thus Holcroft assures performance to your 
exact specifications with maximum over-all economy. 


AND COMPANY 


PRODUCTION HEAT TREAT FURNACES FOR EVERY PURPOSE 


6545 EPWORTH BiVD. DETROIT 10, MICHIGAN 
_ CHICAGO 3 HOUSTON 1 
C. H. MARTIN, A. A. ENGELHARDT R.E MCARDLE 
1017 PEOPLES GAS BLDG. S724 NAVIGATION BLVD. 


CANADA 
WALKER METAL PRODUCTS, LTD 
WALKERVILLE, ONTARIO 
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Magnesium for 
Cathodic Protection 


(Starts on p. 224) 

The rusted specimens were exposed 
for three months before the pro. 
tective current was applied. The 
difference in weight loss between 
the sandblasted and rusted plates 
is attributed to the presence of the 
coatings deposited by the corrosion 
process and the accompanying par. 
tial polarization of the loca! 
cathodic areas on the rusted plates 
at the time of coupling. 

The most outstanding charac. 
teristic of sea water corrosion jis 
the tendency for calcareous depos. 
its to form on cathode areas. High 
current densities increase the pH 
of the water film at the cathode and 
thus favor deposition of these coat- 
ings. Compositions of the coatings 
deposited under different current 
densities show high “calcium con- 
tent for low current densities and 
high magnesium content for high 
current densities. The protective 
action of these coatings is believed 
to be caused by the following: (a) 
The coatings serve as a barrier to 
oxygen or other depolarizers. (b) 
They increase the internal resist- 
ance of the local corrosion cells. 
(c) The pH of the film is increased 
above that of normal sea water. 

Current densities as low as 3 
ma. per sq.ft. afford protection if 
high initial current density (50 ma. 
per sq.ft.) is used to obtain imme- 
diate polarization. This permits the 
use of considerably smaller per- 
manent anode installations, saving 
approximately 40% in current. 


Electroplate on 
Magnesium® 


UCCESSFUL and adherent elec- 

troplates over magnesium alloy 
shapes in any commercial form 
require first the preparation of 4 
“completely homogeneous reactive 
surface” on which is placed a flash 
of zinc from a process (available 
from Dow Chemical Co. under 
license agreement) developed by 
Herbert K. DeLong. After the zinc 
film is deposited, a copper layer 's 
then plated on from a typical 
Rochelle salt bath. This copper 
strike, about 0.0004 in. thick, forms 
the basis for the final coating, such 
as nickel, chromium, silver or gold, 
by ordinary methods. (To p. 230) 

*Abstract of a paper before 


March 1948 meeting of the Magne- 
sium Assoc. by William Loose 
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con- A LONGER LEASE ON LIFE 
-_ is now being given to machine-tool 
high lathes at the Hendey Machine Com- 
tive , 
med pany, Torrington, Conn. Thanks to 
(a) the uniform hardness made possible 
r to by aG-E electronic induction heater, 
(b) precision surfaces of lathe-bed ways 
sist- remain “mirror-smooth” far beyond 
ells. previous life expectancy .. . are less 
ased vulnerable to precision-destroying 
Ls wear and accidental damage. 
a if At this company, lathe beds are 
ma. mounted on a movable carriage, and 
- their way surfaces are progressed 
the under the specially mounted induc- are heat-treated with results unmatched 
tor coil of a G-E 50-kw electronic by former methods. Surface hardening is 

heater for uniform, controlled heat- accomplished with close depth control, at 

ing and automatic quenching. a faster rate, and with assured uniformity. 

Using the G-E electronic heater, Net result: a better product through in- 

these lathe-bed wearing surfaces duction heating. 
lec- 
loy 
rm 
fa 
re YOUR PRODUCT AND INDUCTION HEATING 
o Whether your product involves brazing, soldering, hardening, or 
Jer annealing, be sure to get in touch with the Heating Specialist in the 
by nearest G-E Office. His suggestions are very likely to result in higher 
inc production, lower cost, and better products, as they have for many 
te other manufacturers. In the meantime, send for free bulletin GES-3290, 
ser “The How and What of Electronic Induction Heating.” Sect. 675-178, 
ms Apparatus Department, General Electric Company, Schenectady 5, N.Y. 
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Here’s the low temperature silver 
brazing alloy for real production. With 
exceptional fast flowing properties at 
low temperature (liquidus 1195°F) it pene- 
trates deeply and makes strong, leak- 
tight joints on both ferrous and non- 
ferrous metals. Economical too — only 
45% silver. 


APW 217 is the PREFERRED brazing 
alloy for tough production jobs through- 
out the refrigeration, air conditioning, 
automotive and appliance industries. If 
you haven't tried APW 217, write today 
for our descriptive folder #45 and let 
us have your requirements. 


We'll be glad to quote without obii- 
gation on any quantity, any size, wire, 
sheet, strip, rings or washers. 
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Electroplate on 
Magnesium 


(Continued from p. 228) 

Surface cleaning varies with 
the nature of the piece. Grease is 
removed by solvents followed by 
cathodic cleaning in ordinary alka. 
line cleaners. Wrought products 
are first pickled in 20% acetic acig 
plus 5% sodium nitrate. Cas 
products are cleaned in 75% phos. 
phoric acid solution. After pickling 
and buffing, surfaces must be 
“activated”. For alloys containing 
aluminum or zinc this is done ip 
20% AICI,-6 H,O. For other alloys 
1% acetic acid is used. Photo 
engraving plates are cleaned ip 
20% chromic acid followed by 15-, 
HF solution. 

The zinc strike is then plated on 
in about 4 min. by immersion and 
agitation in the following bath 
contained in stainless steel tanks 
at 175° F.: 

12% Tetra sodium pyrophos 
phate, Na,P,0, 

4% Zinc sulphate, ZnSO,:7 H,0 

1% Potassium fluoride, KF-2H,0 

0.5% Potassium carbonate 
K,CO,, 

This solution is made up in iron-free 
water to pH of 10.3. 8 


Hydrogen Absorbed 
by Steel From Acid 


HEN a piece of steel is 
immersed in an acid solutior 
with which it reacts to liberate 
hydrogen, some of the hydroge! 
enters into the steel, or even passes 
through it. As the presence of # 
large concentration of hydroger 
may have a significant influence on 
the properties of steel, a knowledge 
of the processes by which it dif 
fuses in or out is desirable. The 
experiments described were of tw 
principal types, one designed 
measure the permeability of the 
steel to hydrogen and the other t 
measure saturation concentratio! 
and diffusivity of hydrogen in steel 
Detailed information was 
included about the experimenta! 
procedure and apparatus used |! 
conducting the diaphragm-ty?' 
measurements and the solubilit) 
and diffusivity determinations. The 
precautions necessary (To ). 23? 
*Abstracted from “The Behavior 

of Steel During and After Immersion 
in Acid”, by L. S. Darken an: R. P. 
Smith. Paper présented before the 


National Association of Cor osio? 
Engineers, April 1948. 
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¢ From Warehouse Stocks : 
elect THE ALLOY THAT DOES YOUR JOB BEST 


MISCO METAL—35 Nickel—15 Chromium—Type 330 
MISCO K—25 Chromium—20 Nickel . . —Type 310 
. MISCO B—25 Chromium—12 Nickel . . —Type 309 
: MISCO 430—17 Chromium ...... . —Type 430 


Warehouse Stocks Include: 
oe SHEET and PLATE—thickness . 16 to '/2 



























free 3 4 5 , 
: ME no 8 tt te /32 to 35/s WRITE FOR OUR 
emt yk egg 1/4 to 21/2) MONTHLY STOCK LIST 
: ee Ve x V to 1/2 x 21/2’ 
_ 5/8° to 11/2" 
i Ve" LLP.S. to 2" L.P.S. 
va Pipes lorger than 2” formed and welded to order 
- rer 3/s' to 1" 
" WELDING ROD ...... 3/2" to Ve 
mY ANGLES — CHANNELS — SHAPES win ah 
. PERFORATED SHEET and PLATE wy Tait acnaiiaa eae 


fe Prompt shipment from stock. Highest quality maintained. 
el Mill prices on most items. Telephone LOrain 7-1545. 


Complete facilities for Shearing, Sawing, Circling, Forming 
ROLLED PRODUCTS DIVISION 
Michigan Steel Casting Company 


MOK One of the World's Pioneer Producers and Distribeters of Heat and Corresion Resisting Alleys 
—e = 1998 GUOIN STREET DETROIT 7, MICHIGAN 
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ED PETROLEUy, ,. 


WARREN’S GLADEWATER, TEXAS PLANT 


WARREN PETROLEUM CORPORATION 


TULSA, OKLAHOMA 














CARBURITING Basn eextuRess 
Boxes 


4817 W. Cortland St. 


Divide the equipment cost by the hours it 
serves — Stanwood gives you multiple service 
life for a LOWER cost-per-hour figure. Divide 
the number of parts handled by the number of 
loads — Stanwood gives you maximum capacity 
for BIGGER production every shift . . . and 
a lower handling cost per part. 


The insulated pickling tank shown above is 
equipped with an_immersion heater. Designed 
and built by Stanwood, it features top effi- 
ciency at lowest cost. The Stanwood basket 
for the tank is light in weight yet has ample 
strength for full loads to save valuable minutes 
on every batch. Stanwood custom built Monel 
metal pickling chains defy corrosion. Catalog 
15 shows Stanwood pickling baskets, trays, 
retorts, carburizing boxes, and fixtures. Sub- 
mit your work handling problems to Stanwood 
for engineered economy. 


TRavs QUENCH TANKS acroats 


Chicago 39, Ill. 
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Hydrogen Absorbed 
by Steel From Acid 


(Continued from p. 230) 
for successful operation also were 
discussed in detail. 

It was determined by experi. 
ment that very seldom did an 18-br. 
extraction at 340°F. fail to yield 
at least 90% of the hydrogen that 
could be extracted in vacuum at 
temperatures up to 1475°F. Water 
present on the surface of the sam- 
ple did not give fictitious results. 
Reproducible results were obtained 
under like conditions of test. How- 
ever, depletion of the acid used in a 
test caused slight discrepancies of 
less than 0.01 cc. per g. 

Tests were made in order to 
determine the effect of specimen 
size on permeability and diffusivity. 
The variation in permeability is 
comparable with the reproducibil- 
ity of the measurements, although 
not experimentally equal. Hydro- 
gen absorbed was proved to be 
truly absorbed into the interior of 
a steel specimen; the experimental 
error caused by surface adsorption 
is small. Other tests showed that 
hydrogen is not diffused linearly 
from one side to the other when the 
specimen is half-exposed, and is 
approximately 80% that of the 
fully-exposed specimen. The rate 
of evolution of absorbed hydrogen 
was slower than the rate of absorp- 
tion, for a given steel specimen. 

Experiments were conducted to 
determine the effect of solution 
conditions on solubility and per- 
meability. As the pH of the solution 
increased, both the permeability 
and diffusivity decreased. In a 
similar test it was found that the 
permeability doubled for each 
36° F. increase in temperature. The 
effect of using inhibitors was 
marked; both inhibitors tested 
reduced the permeability to a low 
value. 

Cold work greatly increases the 
ability of steel to absorb hydrogen. 
The saturation value is very small 
for hot rolled steel but increases 
markedly with cold work; the 
extent of this increase varies from 
steel to steel. However, the calcu- 
lated permeability was found to be 
unaffected by cold work. The mean 
deviation of the calculated perme? 
bility was always less than 10%. 

The saturation value is decreased 
slightly by long annealing of cold 
worked steel but the rate of absorp 
tion is decreased considerably. 
Tempering decreases the solubility 
slightly and the permeability 
markedly. (Continued on p. 234) 
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ugh R HEATING, cooling, pumping, and conveying 
dro- the corrosive solutions used in pickling and plating 
be metal, there’s no better equipment than that made of 
Ae “Karbate” brand Impervious Graphite. This material is | 
“ma chemically inert, immune to thermal shock, easy to | 
that machine and install, light in weight yet strong; and 
arly has a very high heat-transfer rate. 
the Operating experience has proved that “Karbate” 
Pe equipment stands up in sulphuric, hydrochloric, and 
the iP : re : 5 
ine nitric-hydrofluoric pickling solutions . . . Parkerizing 
gen and Bonderizing baths . . . nickel, copper, tin, and zinc 
rp- plating solutions . . . electro-polishing and Alumilite 
| and Alzak processes. 
o “National” carbon brick is now extensively used for 
an lining tanks that handle corrosive solutions — particu- 






larly nitric-hydrofluoric. 

For more details on metal-cleaning systems of stand- 
ard “Karbate” brand Impervious Graphite units and 
“National” carbon brick, write to National Carbon 
Company, Inc., Dept. MP, 


These products sold in Canada by Canadian National Carbon Company Limited, Toronto 4 
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The registered trade-marks ‘‘Karbate"* 
the and ‘‘National’’ distinguish products of 
en. NATIONAL CARBON 
all COMPANY, INC. 
eS Unit of Union Carbide 
he and Carbon Corporation 
Mm UCC) 
‘u- 30 East 42nd St., New York 17, N.Y. 
be Division Sales Offices: 
an Atlanta, Chicago, Dallas, Kansas City, 
a New York, Pittsburgh, Sen Francisco 
ed 
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Hydrogen Absorbed 
by Steel From Acid 


(Starts on p. 230) 


The observed phenomena are 
interpreted to mean that only 
small fraction of the hydrogen 
1S absorbed by cold worked stee] is 


ALL WORKING : ar 


trapped in imperfections in the 
METAL 


TUBING 


crystal structure. No evidence of 
molecularly absorbed hydrogen 
was found. 


Electron Diffraction 
of Corrosion Films” 


NE of the most interesting and 
instructive uses of electron 

diffraction and electron microscopy 
has been the study of the protective 
or nonprotective corrosion films on 
metals and alloys. The use of such 
refined methods results from the 
fact that in the protective range the 
corrosion films are of the order of 
10 to 10,000 A in thickness. The 
study of the crystal size, crystal 
structure and secondary structure 
of films in this range of thickness 
can be prosecuted only by electron 
for the passage of gases, liquids or solids. You can machine, shape or pane ee Ringe ie aatied 
by X-ray diffraction and the light 
microscope. 

Although the reaction involved 
in the dry oxidation of metals and 
alloys may be simpler than many 
other corrosion reactions from a 
chemical point of view, it may be 
more complex from an experi- 
mental point of view, because it is 
best studied in the electron diffrac- 
tion camera at high temperature. 
Electron diffraction is applicable 
to the processes of wet corrosion 
if the reaction is uniform and pit- 
ting does not occur. However, this 
paper was concerned primarily 
with the reactions of dry oxidation. 

The study of surface reactions 
in dry oxidation is divided into 
three parts. The first part is con- 
cerned with the kinetics of the 
reaction processes or rate of reac- 
tion and the manner in which this 
rate is influenced by time, tempera- 
ture, pressure, surface factors and 
chemical factors in the atmosphere. 


(Continued on p. 236) 


Wy pay for metal you don’t use? 


The solid center of bar stock is often only dead weight—adding 
strength not actually needed for most applications. The three basic 
controllable dimensions of tubing, O.D., I.D., and Wall, makes it 


possible to specify and use two surfaces—inside and outside. 


Wy increase costs of fabrication and forming ? 


There is no costly drilling, reaming and machining necessary to provide 


form Superior tubing for a variety of applications—at a reasonable cost. 


To use metal thoroughly, specify 


Superior Seamless or WELDRAWN{f (Welded and Drawn) tubing. 
Available in a wide range of analyses of Carbon, Alloy and Stainless 
Steels, Nickel and Nickel Alloys, Beryllium Copper (Max. O.D. %’’) 


... Buy Superior and Save! 


Write today for Bulletin #31, or contact the mill 


for the name of the nearest Superior Distributor. 


*Abstracted from “The Applica- 


tReg. U. S. Trade-mork, Superior Tube Company 


SUPERIOR TUBE COMPANY 
2008 Germantown Ave., Norristewn, Pa. 


Fer Superior Tubing on the West Coast, call PACIFIC TUBE C8., 
S718 Smithway St, Les Angeles 22, Cal. © Aligeles 2.2151 
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tion of Electron Diffraetion Techniques 
to the Study of Corrosion Processes , 
by E. A. Gulbransen. Paper presented 
before the National Association ° 
Corrosion Engineers, April 194*. 





Foixs, they're just coming in too fast—and we 
do mean orders! In anything like normal times, 
we'd be awfully happy to have you pitch your 
order down our alley. Our past averages speak 
for themselves. 


But now—well, honestly fellows—there are 
too many pitchers on that mound. We're in there 
swinging as hard as we can but we can only man- 
age to get hold of a few. And there just aren't 
any pinch-hitters on the bench to help us out. 


From your seat, our batting average no doubt 
looks weak at the present time. But we're doing 
the best we can and we're hitting ‘em safe when 
we can get hold of ‘em. 


We're asking you to stick around for later 
innings when things settle down. That's when 
Wisconsin will really come through with those 
pay-off blows. Remember, the season isn't over 
yet. We hope we have a pennant winner for you. 


WISCONSIN STEEL COMPANY 


( Affiliate of International Harvester Compony ) 
180 North Michigan Avenve Chicago 1, Illinois 


WISCONSIN STEEL 
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Tialelaoh a= 


Physical Properties 
with NIAGARA 
ay X=) go Maat Mele) itate 


@ Better control of quenching temperatures improves the heat- 
treating process, gives better physical properties to steel, 
increases production with fewer rejections. 

That is the experience with the use of NIAGARA AERO 
HEAT EXCHANGERS, providing faster and more accurate 
cooling to specified temperatures for quench baths, either oil or 
water. Production is increased; unit costs are lowered. Commer- 
cial heat treaters have increased profits; heat treating depart- 
ments have contributed savings. 

NIAGARA AERO HEAT EXCHANGERS are built in a 
range of sizes to fit any installation. Saving of cooling water 
quickly pays for the equipment. 

Other applications include jacket water temperature control 
for process equipment or engines, cutting oils, lubricants, 
hydraulic oils, transformers, electronic sets, controlled atmos- 
pheres, compressed air or gas cooling. 

Write for Bulletin No. 96-MP 


NIAGARA BLOWER COMPANY 
Over 30 Years of Service in Industrial Air Engineering 
405 Lexington Ave. New York 17, N.Y. 
District Engineers in Principal Cities 


te 


NIAGARA 


INDUSTRIAL COOLING Vp HEATING @® DRYING 


Electron Diffraction 
of Corrosion Films 


(Continued from p. 234) 

The second part is concerned with 
structural factors, including the 
crystal structure. The third part 
includes the atomic composition of 
the film, defects and impurities jp 
the film and the mechanism of 
reaction. In general, no one tech. 
nique or method can solve a com- 
plicated corrosion problem. The 
information obtained by electron 
diffraction is of greatest value 
when correlated with the results of 
other studies. 

An accurate description of the 
transmission and reflection metb- 
ods of electron diffraction is 
included. Sample preparation, 
apparatus used and analysis of 
reflection patterns are given. To 
obtain a good pattern by the reflec. 
tion technique the sample must be 
plane, crystalline and somewhat 
abraded. Surface preparation is 
important. During polishing of the 
sample, care must be taken to pre- 
vent contamination of the surface. 
If it is necessary to study the behayv- 
ior of the specimens at high tem- 
perature, they can be mounted in a 
furnace and studied in any gas 
atmosphere and at any temperature 
of interest. This scheme is espe- 
cially useful for corrosion studies. 
The precision obtained in the cal- 
culation of the size of a unit cell 
for cubic structures is of the order 
of 0.3%. 

The dry oxidation of iron was 
studied, using one or more vari- 
ables such as time, temperature, 
pressure, surface preparation and 
pretreatment. The radii of the dif- 
fraction rings and the relative 
intensities of the lines are used to 
identify the oxide obtained; the 
breadth of the lines and the pres- 
ence of arcs and spots denote the 
crystal size and orientation. The 
existence diagram for iron oxide 
was plotted on a time-temperature 
chart. The oxides noted were 
gamma Fe,Q,, Fe,0,, alpha Fe,0, 
and FeO. However, the thickness of 
the oxides was not determined. In 
general, thickness is an exponential 
function of the temperature for 4 
given duration of oxidation and 4 
square-root function of the time at 
a given temperature. 

A complete description of the 
procedure used in determining the 
iron system and the results 
obtained are given in this paper. 
In general, it was determined from 
the time-temperature chart that 





HUMIDIFYING @ AIR ENGINEERING EQUIPMENT gamma Fe,0, is (Cont. on p. 238) 
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Fg GENERAL CHEMICAL 


LINC FLUOBORATE 


Due to outstanding performance particularly in high speed, continuous 














































BASIC CHEMICALS 


GENERAL CHEMICAL DIVISION 
ALLIED CHEMICAL & DYE CORPORATION 
40 RECTOR STREET, NEW YORK 6, N. Y. 
Offices: Albany * Atlanta * Baltimore * Birmingham * Boston * Bridgeport 
Buffalo + Charlotte * Chicago * Cleveland * Denver * Detroit * Houston 
Kansas City * LosAngeles * Minneapolis * New York * Philadelphia 
Pittsburgh * Portland (Ore.) * Providence * San Francisco * Seattle * St. Louis 
Wenatchee « Yakima (Wash.) 
DR AMERICAN INDUSTRY In Wisconsin: General Chemical Company, Inc., Milwaukee, Wis. 


In Canada: The Nichols Chemical Company, Limited © Montreal » Terente © Vancouver 


tron plating oper? .ons, General Chemical’s Zinc Fluoborate Solution has 
alue fast won an important place in the electroplating industry. The supe- 
aa riority of this General Chemical Research development to other com- 
the mercial zinc baths is indicated by the unusual characteristics of the 
eth- fluoborate electrolyte as well as by the type of deposits obtained. Learn 
is more about Zinc Fluoborate and what it can mean to you in faster, 
pe more economical operations. Send today for the helpful literature de- 
To scribed below. 
lec- 
a SPECIAL FEATURES of Zinc Fiuoborete 
is © Gives excellent adherence, uniform coverage, semi-lustrous finish 
the ® Possesses high conductivity 
re- ® Permits use of high current densities 
ce. 
» ove 
. {MPR ¥ ADVANTAGES 
a v pvit for HIGH-SPEED PLATING 
jas Qa Zinc may be readily deposited at a higher rate from the Zinc Fivoborote both than 
re from other acid baths, for this metal fivoborate electrolyte possesses high conduc. 
ye- tivity and permits use of high current densities. 
. for TANK and BARREL PLATING 
: Zine moy be readily deposited on cast or malleable iron from the Zinc Fivoborate 
ell both with excellent covering power, very good adhesion, and with a semi-lustrous 
od oappecroance. 
as 
*j- 
e GET THIS Important 
} 
f- Technical Manval .. . 
e 
‘0 WRITE TODAY 
ie 
“ General Chemical Technical In- 
° formation Manual ZF-1 contains 
e extensive data on high speed, and 
; tank and barrel plating with Zinc 
{ Fluoborate, including operating details, bath make-up, analytical 
f methods, etc. For free copy, write General Chemical Fluorine Division, 
40 Rector Street, New York 6, N. Y., or nearest Office listed below. 
i 
i 
) 
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wis 64 FI- 
HAGAN 
Clutomatice Cac Fo0ttom 
FURNACE 


hardens and draws bars from 5” to 95/6" 
in diameter, and from 30’ to 54’ long. 


Straight bars of uniform hardness and 
mechanical properties. 


Machinability by providing straight 
bars of maximum uniformity. 


Abnormal stresses—cracking and 
distortion. 


Straightening, handling, fuel, and 
scale removal cost. 


GEORGE J. HAGAN COMPANY 
PITTSBURGH, PA. 


Detroit ... Los Angeles ... Chicago ... San Francisco 


DESIGNERS AND BUILDERS OF 


@ Car Bottom 
Heat Tr rn 
@ Rotary Heart 


m0us Annealin 
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Electron Diffraction 
of Corrosion Films 


(Starts on p. 234) the low-tempers. 
ture oxide and above 435°F. the 
oxides Fe,0, and alpha Fe,0, are 
observed. For long periods of oxi. 
dation alpha Fe,O, is formed in the 
temperature range between 480 and 
930° F. For thin films, a transforms. 
tion is observed between Fe,0, and 
FeO at a temperature of about 
840° F. For thicker films this trans. 
formation is observed at about 
1020° F., which is in close agree. 
ment with equilibrium data for the 
iron-oxygen system. A similar study 
of the chromium-oxygen system is 
also reported. 

Transformation was studied 
during the cooling of two thick- 
nesses of the iron oxide films. 
There seemed to be a lag in the 
transformation for a_ thick film. 
Cooling experiments in various gas 
atmospheres showed the impor- 
tance of studying corrosion reac- 
tions under the proper conditions. 
Different oxides form at a given 
temperature, depending on the 
degree of oxidation or reduction. 
Alloying elements markedly affect 
the transformations. For instance. 
FeO is observed at 930° F. on iron, 
but it does not appear even at 
1300° F. on mild steel. 

Before electron diffraction is 
applied to the study of dry oxida- 
tion or corrosion, several features 
should be considered: complexity 
of the oxides formed, effects of 
stoichiometric ratio, surface prepa- 
ration, high temperature, film 
thickness, and whether or not equi- 
librium conditions have_ been 
attained. A brief discussion of each 
of these important features is given 
in the paper. 


Life of Ingot Molds’ 


XCESSIVE WEAR of ingot molds 

accounts for 3% of the cost of 
steel. Molds fail by outside cracks 
(major cracks) and by erosion 0 
the inside (minor cracks). Major 
cracks account for the short life of 
molds; some fail after as few as 30 
runs, although the good ones may 
serve for 300 runs when five-ton 
ingots are being poured. 


(Continued on p. 242) 


*Abstracted from “Contributions 
to the Study of the Life of Ingo 
Molds”, by Robert Stumper. Revue # 
Métallurgie, July-August, 19):. P 
228-233. 








Gear Cutting—The right type and grade of cutting fluid Broaching—In this type of operation the services of a 
here means longer tool life . . . better quality work and Cities Service lubrication engineer can mean substantia! 
higher production. Cities Service lubrication engineers savings in time and money. His extensive “shop-to-shop” 
making on-the-spot analysis of gear cutting operations experience backs up the recommendations he’ll make for 
are daily cutting costs in all types of plants. your operation. 


LUBRICATION PRODUCTS AND SERVICES 


CE 





Milling operations can be speeded, tool life increased and Lathe—Precision workmanship on a turret lathe demands 
finish improved with certain types of cutting fluids. Cities exacting cutting fluid requirements. By following the 
Service lubrication engineers base their recommenda- product recommendations of a Cities Service lubrication 
tions on sound experience and the results of thousands engineer you may materially increase the quality and fin 
of machine shop tests. ish of your production. 


183, Sixty Wall Tower, New York 5, New York. 
QUALITY PETROLEUM PRODUCTS 
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Conti immersed Electrode Bath treatment and quench unique conveyer 
ETT. tee cee wiaiacine & telee an all tee cals Gal ae 


DEMPSEY INDUSTRIAL FURNACES 
CUT COSTS — SPEED PRODUCTION — IMPROVE QUALITY 


oe ee A Re Bh ustry. Proven throug! 
ae SS eae putenasen Gey ees eiventeges fund any in “Tailor-made” 


insure uniform temperatures and specified heating cycles 
— eliminate warpage and distortion — improve quality — and increase 

production through less spoilage. 

Send us your problems — a nearby Dempsey Engineer is available to help solve your 

saat Mestee segucements tre Ssseus ep aentewens — cnet, Senged, Guus or denged 

metal parts. 


BATCH — CONTINUOUS—SPECIAL ATMOSPHERE— MELTING 


Before deciding, investigate 
FURNACES: Gas-Electric-Oil—“‘Tailored’’ by DEMPSEY 
Meet every Heat Treating Need Write Dept. 3 


AlN Nlewpsey INDUSTRIAL FURNACE CORP 


VAS) * ere 
CrURNACE 











A Little Means a Lot 


It is only necessary to add smal} amounts of Cerium Metal 
(Mischmetal) to molten metals in order to obtain all of its 
beneficial results. It will help improve the physical prop- 
erties of many ferrous and non-ferrous materials. 


Clee CERIUM METAL 


(MISCHMETAL) 


The composition of GCC Metal is under our constant 
laboratory control, which keeps Cerium content at a maxi- 
mum, between 50% and 55%, and the iron content, im- 
purities and enclosures at an absolute minimum. 


@ Keep abreast with the 
Metallurgical Develop- 
ments of Cerium Metal. 
Send for our informa- 
tive bulletins. 


GENERAL CERIUM CO. 


EDGEWATER NEW JERSEY 


GENERAL CERIUM COMPANY 
1040 RIVER RD., EDGEWATER, N.J. 


Please send me the informative bulletins 
about Cerium Metal. 
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Transformer Sheet 


(Continued from p. 242) 


Silicon is needed for two reg. 
sons: It produces large, uniform 
grains and it keeps up to 0.03% ¢ 
in solution in ferrite. The amount 
of silicon present above 3.5% is of 
no value. The action of silicon is 
strongest at the highest temperature 
used. Final anneal at 1650°P, 
instead of at 1560°F., is likely to 
reduce the hysteresis by 15%. 

Aluminum might act in the same 
manner, but is troublesome, and the 
real effect of it in transformer irop 
is in the elimination of oxygen. 

The size of ingot seems to be 
unimportant. 

Rapid rolling in the breaking. 
down operation is helpful. One 
heating operation is better than 
two. The material should not be 
rolled below 1650° F. 

Intermediate rolling should be 
done in at least three or fou 
reheatings, with the final tempera- 
ture not lower than 1380° F. 


Cores in Die Casting 


HE USE of cores in die castings 

has several advantages, including 
savings in the weight of the cast- 
ing, uniform sections, sound cast- 
ings, a shorter casting cycle as a 
result of faster cooling, and 
decreased machining time and cost. 

Holes, too small to be cored in a 
sand casting, can be cored readily 
in die castings. Occasionally, a 
threaded core can be used and then 
even tapping is avoided. 

Cores may be fixed or movable, 
intersecting or collapsible. Large 
holes and recesses that serve no 
definite function in the part are 
produced by cores termed “metal 
savers”. Such cores help keep 
porosity at a minimum, as well as 
reduce weight. 

The maximum diameter of cores 
for use with aluminum alloys is 
about *% in. and for copper alloys 
is about % in. For zinc and other 
low-melting alloys, cores down to 
about 0.040 in. diam. are sometimes 
used. In general, the draft on cores 
is preferably not less than %4° oD 
a side. 

The article includes several 
specific examples of coring, with 
emphasis on the practical consider- 
ations involved in the design of 
cores. 


*Abstracted from “The Impor- 
tance of Cores in Die-Casting Design ’ 
by C. R. Maxon, Mechanical “1gr 
neering, V. 70, July 1948, p. 609 
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MANAGEMENT 
OFFICIALS 


6,833 


\\ 


THEY'LL ALL BE AT THE 


METAL SHOW- 






Looking for You 


rolslomm Aeltlam aele ltl ait. 


@ A good cross-section of the 35,000 men who will 
attend the Philadelphia Metal Show this October is 
illustrated above—based on facts from our Continuing 
Analysis of Attendance. This factual survey, which 
will be sent you on request, proves that the Metal 
Show audience comes from every state in the U.S. 
and many foreign countries. 

According to their own statements, metal men attend 
the Metal Show for two primary reasons (1) for periodic 
checkup on equi t and materials (2) to find an 
answer to a specific problem. Over 90% of the 36,256 


‘men who registered at last year's Exposition said their 


buying was influenced by what they saw and heard at 
the Show. Since these men influence purchases amount- 
ing to millions of dollars annually, this is an audience 
worth selling! 

The simplest, most effective way to contact this 
important audience is through an exhibit in the Metal 
Show Your prospects come to you at the Show—eager 
to learn the merits of your product. Take advantage 
of this great sales opporrunity—write, wire or telephone 
for floor plan and full details! 


SOME CHOICE SPACES STILL AVAILABLE: 


WRITE OR WIRE COLLECT: w. #. Eisenmen, Managing Director 
Netione! Metel Expesition TW Euclid Avenve, Cleveland 3, Obie 












KEY PRODUCTION 
MEN 
11,373 


META LLURGISTS 
2,722 







PURCHASING 
AGENTS 


977 
OTHER PLANT 


Mer 
RP 8,555 








CLASSIFICATION BY BUSINESS AND INDUSTRY OF 36,256 
1947 METAL SHOW REGISTRANTS SHOWN ABOVE 


Manufacturers of Assembled Metal Products—18,225 + Com- 
mercial Processing Plants—125 * Forging, Stamping, Welding, 
Machining, Heat Treating—1,898 + Plate and Structural 
Fabricators—560 * Foundries and Die Casting Plants—1!,263 
* Other Metal Parts—2,062 + R. R., Public Services, Mines, 
Nonmetals—3,839 * Producers of Metals (Ferrous and Non- 
ferrous)—4,206 * Federal, State, Municipal and Foreign 
Governments—44 + Distributors, Dealers and Exporters— 1,546 
* Consulting and Contracting Engineers and Firms—488 
* Trade Associations, Chambers of Commerce, Libraries, 
Schools—1,170 * Students—263 * Unclassified—567. 







Sponsored by 
the American Seciety for 
Metals in cooperation 
with the American Weld- 
ing Society, the institute 
of Metals Divisiqn of the 
American tastitete of ' 
Mining ond Metallurgical 
Engineers, and the Socie- METAL SHOW 
ty for Non-Destructive | Ph ADELPHIA 


Testing. \ zs 






PHILADELPHIA=—OCTOBER 25 thru 29, 1948 
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Tempilstik | temrcnarun: 


i MEASUREMENT 





is one of the 
many applications of the 


TYPE B HIGH PRECISION 
POTENTIOMETER 


-..@ general purpose potentiometer with 

a number of notable refinements, suiting 

it particularly to thermocouple work. 

Distinctive features include: 

© Three ranges —0O to 16 millivolts, 0 to 
160 millivolts and O to 1.6 volts. 


“Well, I thought I was, too, a A simple method of * Three reading dials—effective scale 
length of approximately 175 feet for 


long time ago, but I found out controlling working each range. 

that there's an awful lot to this temperatures in: © Subpanel switch and slidewire construc- 
cutting fluid business. It takes a den fer protection of contacts Gann 
combination of understanding * WELDING : and corrosive fumes. 


© FLAME-CUTTING . etesage AP 
and experience backed by ade- r ~ sven protien whe meer pave 


e laboratory facilities to * FORGING emation of sidewlre thermal 

etermine the needs of a mod- © CASTING gold contacts in galvanometer <a 
em metal-working plant. That's © MOLDING e Exceptional convenience in reading and 
why I rely on experienced cut- © DRAWING adjustment. 
ting oil people. They have © STRAIGHTENING © Solid and substantia! construction for 
helped me time and again with © HEAT-TREATING many years of trouble-free service. 
sound ideas and practical IN GENERAL This soatend shaneiney potentiometer 
solutions to difficult machining It’s this simple: Select the rtrd worn hn faarenetcee ce 
problems. They ve proved to me Tempilstik® for the working Also for other critical measurements of D.C. 
that the correct cutting fluid, temperature you want. Mark available potentials requiring exceptionally high 
correctly applied, means less your workpiece with it. When _—_” Pellet accuracy. ’ 
trouble and fewer headaches. the Tempilstik® mark melts, or Desertbod tn Guietn 278 
For guidance on this, give me the specified temperature has liquid aes 
the real ‘experts’ every time.” been reached. form 


Chin, Available in these temperatures (°F) 
125 275 500 1100 
138 288 550 1150 


Call D. A. Stuart Oil Co. when 13 | 3s | eso | tas0 
ou need expert assistance. 175 325 700 1300 

Since 1865, this company has a 338 730 1390 

devoted its entire interest to 213 oo a ab 

cutting fluids and industrial lu- 225 375 900 1500 

oe We pride ourselves = — = = 

on the quality of our ucts 

and the eughactsten Say of 4 = on 

our representatives. Take ad- —Tempil® “Basi ANOMETER 

veuinan of Stuart's complete F R &é pag ont Mesettorgy” 1a are qAPORATORY WORK 

on-the-spot service and | - — 16%” by 21” plastic-laminated wall dy, short period 

tory facilities to solve your chart in color. Send for somple pellets, » — itive (up to 1.5 #V per mm) 

cutting fluid eset. Write for stating temperature of interest to you. ; Multiple-reflection optical system 

booklet “’ utting Fluids for © 100-Millimeter scale 

Better Machining.” felejsaste).| e For null or deflection measurements 


STUART off engineering goes SERVICE Described in Bulletin 320 


CLAUD S. GORDON CO. 
Specialists for 34 years in the Heat-Treating RUBICON COMPANY 


ond Temperature Control Field 
Dept $3 © 3000 S. Wollece St. © Chicege 16, til. Electrical Instrument Make'> 
Dest, 15 © FOS Codid Amaw + Guvelend 3, Chie $758 Ridge Avenue * Philadelphia 2, Ps 


2743 8. Troy St. @ Chicago 2 BMG. ee in 
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ELECTRODES 


CHROME 
NICKEL 


STRAIGHT 
CHROME 


CHROME-moLy 


LOW ALLOY 
HIGH TENSILE 


SPECIAL 
PURPOSE 
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facts speak 
LOUDEST 





“eee > | 


At least one type of Molyb- 
denum high speed steel is 
listed and promoted on a basis 
of equivalentand interchange- 
able performance with tung- 
sten steel, by makers of high 


speed steel. 


ip 


Users’ reports of Molybdenum 
high speed tools everywhere 
indicate that performance at 
least equals and in many cases 
betters that of tungsten tools. 


of 


The heat treatment of Molyb- 
denum high speed steels is 
basically the same as that of 
tungsten steels. There is 
nothing in the treatment to 
confound those who are fa- 
miliar with the heat treatment 


of tungsten types. 


of&): 


Molybdenum high speed 
steels save money in produc- 
tion—for proof send for our 
FREE booklet. 


Ni 
Climax Molybdenum Company, 


$00 Fifth Avenue - New York City 


Please send me a copy 
of your FREE BOOKLET 














MOLY 











YOUR 
HARDNESS 
TESTER... 


IS ONLY AS 
GOOD AS THE 
DIAMOND IT 
USES 


Dependably accurate “Rock- 
well” testing results are ob- 
tained only when every part 
of your hardness testing 
equipment is made to preci- 
sion limits. That is why a 
correctly designed diamond 
penetrator is of such great 
importance. Always specify 
CLARK Diamond Cone Pen- 
etrators, both for Standard 
and for Superficial “Rock- 
well” testing. They are accu- 
rately made to the proper size 
and shape; exactly formed by 
expert lappers. CLARK Pen- 
etrators are designed for use 
on all “Rockwell” type test- 
ing machines. 


INSTRUMENT, INC. 


10200 FORD ROAD 
DEARBORN, MICH. 


Metal Progress; Page 248 





osphere 


Furnace 


GORDON 


Furnace Atmosphere 
Indicator 


Do you depend upon badly scaled or de- 
carburized work to tell you that some- 
thing has happened to your furnace al- 
mosphere? And then spoil more work ge!- 
ting the atmosphere back to <> it 
belongs? 

A Gordon Furnace Atmosphere Indico 
tor will watch that for you. wpa aaa 
tinvous, thorough check of the furnace at- 
mosphere, and as soon as it changes, the 
change is detected and indicated so thot 
quick necessary adjustment can be mode. 
lt works on gos or oil-fired furnaces and 
in protective atmospheres on electric fur- 
naces. 

The Gordon Furnace Atmosphere indi- 
cator works on the principle of the relo- 
tive thermal conductivity of gases. It is so 
simple ond easy to use that top results con 
be obtained with shop or non-technico! 
personnel. 

Where ¢ continuous record of atmos 
phere readings is required, the indicotor 
can be co-ordinated with a recorder. 

You can't offord to be without this in- 
strument ony longer. 

Price, complete with U-tube $335” 
and Sample Filter, 110 V, 60 C, 
Write for descriptive bulletin 


SERVICE 
CLAUD S. GORDON CO. 


Speciolists for 34 years in the Heat-Treoting 
and Temperature Contro! Field 
Dept. 15 3000 South Wallace $t., Chicago | 6, Ill 


Dept.15 7016 Euctid Avenue, Cleveland 5, Obie 





THe Hammergang'’s experience 
ys off in full when teamed up with Erie 
ammers...Designed for the type of work 
demanded, ruggedly constructed, with per- 
fect response to operator's control, Erie 
Hammers have long been the first choice 
of men who know forgings best...and who 
know what it takes to make the best forg- 
ings. Many Modern Forge Shops are 
equipped with Erie Steam, Board Drop, 
neumatic, Single or Double Frame 
Forging Hammers, each one of 
which definitely applies to the 
specific forging job to be done. 
Write for complete des- 
criptive bulletins. 
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IT WAS ~ Y Protective Films* 
that j — 


C HROMATED protein Coatings 

that offer a convenient, inexpep. 
sive means of protecting metals — 
especially zinc, iron, brass, and 
aluminum — during outdoor stor. 
age in mildly corrosive atmos. 
pheres have been developed at the 
National Bureau of Standards. The 
protective value of such films is 
somewhat better than that afforded 
by chemical surface treatments and 
is much superior to that of corro. 
sion-inhibited oils and waxes. The 
metallic surface to be coated is 


Science WORKS WONDERS WITH YOUR STEEL AT LAKESIDE! | ‘rst dipped in casein, albumin, or 


gelatin; the resultant film is then 
This requires ideal conditions, complete modern OUR SERVICES: impregnated with chromate, which 
facilities—metallurgical and mechanical. It’s a big Electronic Induction Hardening, Flame both hardens the film and inhibits 
, ‘ f obstruct Hardening, Heat Treating, Bar Stock corrosion. 
dup eee aoety * r Treating and Straightening (mill lengths The wartime scarcity of man 
Science by prejudice or inadequate equipment. and sises), Annealing, Strees Relieving, y 


. . Sastutiiiien, Suds, Geo os Edguld Car- nonferrous metals led to the exten- 
Thus, your bar stock, forgings, castings, your rough berising, Nitriding, Speed Nitriding, sive substitution of carbon steel 


or finished parts of assorted sizes and shapes, all Acrocasing, Chapmaniszing, Cyaniding, for copper, brass, aluminum, and 
receive the proper scientific treatment. Sand Blasting, Tensile and Bend Teste. stainless steel. Although the steel 


was generally galvanized, zinc 


THE tended to form objectionable cor- 
rosion products; this brought about 
a widespread use of chromate films 


parte that failed an stress. 








5418 LAKESIDE AVE., CLEVELAND 14, ONIO HENDERSON 9100 on the zinc, formed by chemical 
attack in aqueous chromate solv- 


tions and, though only a fraction 
of a mil thick, they helped in inhib- 
iting corrosion. However, as pro- 
tection apparently was caused by 
Nee the presence of minute amounts of 
soluble chromate, slowly liberated 
by the action of moisture, better 
corrosion resistance might be 
obtained by applying a large quan- 
tity of chromate to the metal sur- 
face. Proteins were good mediums 
for increasing the amount of chro- 
mate since they are basic and read- 
ily absorb or combine with 
chromic acid. 

The principal constituents of 
the chromated protein films are a 
corrosion inhibitor for the metal, 
a protein that acts as a vehicle for 
the inhibitor, a hardening agent, 
and a bactericide to prevent putre- 
faction of the protein. The chro 
mate always serves as the inhibitor 
and may act as the hardening agent 
and the bactericide as well. 

The four functioning constitu 
ents of the film can be applied in 

(Continued on page 252) 


*Abstracted from Technical 
Report 1208 of the National Bureal 
of Standards. For further technical 
details, see “Chromated Protein films 
for the Protection of Metals’, by 
Abner Brenner, Grace Ridde!! and 
Robert iller, Journal of the 
Electrochemical Society, March 1948. 








Metal Progress; Page 250 





32 ALUNDUM 


Fast Cutting ... Cool Cutting 
Few Dressings ... Long Life 


32 ALUNDUM abrasive gives you grinding 

wheels with these four features in a far 
greater degree than any other abrasive—because 
it’s made differently by a Norton-developed and 
patented process. Its unique single-crystal grains 
are sharper—they penetrate hard, tough high speed 
steels more easily—cut faster and cooler. 


The cost-cutting ability of 32 ALUNDUM grind- 
ing wheels has now been definitely proved—by 
two years of steadily increasing use in thousands 
of plants. They can cut costs for you, too. Try 
them for cylindrical, centerless, surface, gear, tool 
and internal grinding. Ask your Norton abrasive 
engineer or Norton distributor for specific recom- 


mendations. 


> NORTON COMPANY, WORCESTER 6, MASS. 
> Distributors in All Principal Cities 
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Centrifugal castings are superior cast- 

ings. The metal is sounder, finer- 

grained, more uniform. It is free of gas 

pockets, blow holes and other defects 

often difficult to keep out of static cast- 
ings. Tensile strength is close to that of rolled or hot-forged alloy 
steel. Dimensions are accurate, usually requiring less machining 
and finishing and thus speeding production. 


if you require extra quaiities in your high alloy pipe, investigate 
DURASPUN Centrifugally Cast Pipe. We can produce it in OD 
ranging from 22" to 24” and in lengths up to 15° according 
to diameter. Our experience in the field of centrifugal high alloy 
castings dates back to 1931. Our experience in the field of static 
high alley casting goes back to 1922. We can give you good service. 


> 


8-DU-4 
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Chromated Protein 
Protective Films 


(Continued from page 250) 

a single step or in several steps 
according to the compatibility o; 
the agents and the degree of pro. 
tection desired. In the “two-step” 
process (usually the most satisfac. 
tory) the metal is first dipped into 
an aqueous protein solution such 
as gelatin, albumin, or caseip. 
When dry, it is immersed in ap 
acidified chromate solution for \ 
to 3 min. and dried without rinsing. 
The chromate solution contains 
chromic acid (% to 2%) or a 
dichromate of zinc, iron, or nicke] 
(1 to 10%). 

A simpler “one-step” method, 
consisting of single immersion in a 
solution containing both protein 
and chromate, has the disadvantage 
that the solution deteriorates slowly. 
This solution is made by adding 
ammoniacal zine chromate to a 
solution of casein, the resulting 
mixture containing 10% casein and 
about 5% zinc chromate. 

The chromated protein films are 
yellow and, unless opaque pig- 
ments have been added, are trans- 
parent. Their flexibility and 
adhesion are sufficient to prevent 
cracking or separation when the 
metal is bent. They are more 
effective on large, regular surfaces 
than on the sharp edges and cor- 
ners of small objects like nuts and 
bolts, where the film tends to pull 
away. Chromated protein films 
withstand heating to 300°F., 
whereas most chromate films pro- 
duced chemically on zinc lose 
much of their protective value at 
212° F.' Thickness depends princi- 
pally on the concentration and 
viscosity of the protein solutions, 
varying with the type of protein 
up to about 0.0002 in. 

When freshly prepared and 
hardened, the films are almost! 
insoluble in. water and are so hard 
that they cannot be scratched with 
the fingernail. Exposure to ligh! 
further hardens some films and 
renders them still less soluble. 
However, they may be removed 
quickly from metal parts by a0 
alkaline solution such as 5% sodium 
hydroxide. 

The protein solutions are fairly 
stable for long periods. Although 
chromated protein films are supe 
rior to direct phosphate or chro- 
mate coatings or to oil films for 
corrosion prevention, they are less 
protective than suitable paint 
coatings. 





